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In this LSI manual, this LSI functions are presented in the following order : overview, basic CPU functions, interrupt 


functions, port functions, timer functions, serial functions, and other peripheral hardware functions. 


Each section contains overview of function, block diagram, control register, operation, and setting example. 


= Manual Configuration 


Each section of this manual consists of a title, summary, main text, key information, precautions and warnings, and 


references. 


The layout and definition of each section are shown below. 


Subtitle 








Sub-subtitle 





The smallest block 


in this manual. 


Main text 





Key information 





Important information 


from the text. 
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Chapter 2. Basic CPU 


2-8 Reset 


2-8-1 Reset operation 
The CPU contents are reset and registers are initialized when the NRST pin (P.27) is pulled to low. 


@ Initiating a Reset 
There are two methods to initiate a reset. 
(1) Drive the NRST pin low for at least four clock cycles. 
NRST pin should be holded "low" for more than 4 clock cycles (200 nS at a 20 MHz). 





NRST pin 











t*=— 4 clock cycles 
‘(200 nS at a 20 MHz) 


Figure 2-8-1 Minimum Reset Pulse Width 


(2) Setting the P2OUT7 flag of the P2OUT register to "0" outputs low level at P27 (NRST) pin. And 
transfering to reset by program (software reset) can be executed. If the internal LSI is reset and 
register is initiated, the P2OUT7 flag becomes "1" and reset is released. 


Summary 





Introduction to the 


section. 


References 





[ « > Chapter 4. 4-4-2 Registers ] 


On this LSI, the starting mode is NORMAL mode that high oscillation is the base clock. 


When the power voltage low circuit is connected to NRST pin, circuit that gives pulse for 
| enough low level time at sudeen unconnected. And reset can be generated even if its pulse 
™ _ is low level as the oscillation clock is under 4 clocks, take notice of noise. 


I-44 Reset 


References for the 


main text. 


Precautions and 
warnings 

















Precautions are listed 
in case. 

Be sure to read these 
of lost functionality or 


damage. 


Finding Desired Information 


This manual provides three methods for finding desired information quickly and easily. 


(1) Consult the index at the front of the manual to locate the beginning of each section. 
(2) Consult the table of contents at the front of the manual to locate desired titles. 
(3) Chapter names are located at the top outer corner of each page, and section titles are located 


at the bottom outer corner of each page. 


m@Related Manuals 


Note that the following related documents are available. 


"MNIOIC Series LSI user's Manual" 
<Describes the device hardware> 
"MNIOIC Series Instruction Manual" 
<Describes the instruction set.> 
"MNIOIC Series C Compiler User's Manual: Usage Guide" 
<Describes the installation, the commands, and options of the C Compiler.> 
"MNIOIC Series C Compiler User's Manual: Language Description" 
<Describes the syntax of the C Compiler.> 
"MNIOIC Series C Compiler User's Manual: Library Reference" 
<Describes the standard library of the C Compiler.> 
"MNIOIC Series Cross-assembler User's Manual" 
<Describes the assembler syntax and notation.> 
"MNIOIC Series C Source Code Debugger User's Manual" 
<Describes the use of C source code debugger.> 
"MNIOIC Series PanaX Series Installation Manual" 
<Describes the installation of C compiler, cross-assembler and C source code debugger 


and the procedure for bringing up the in-circuit emulator.> 
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1-1 Overview 


1-1-1 Overview 


The MN101C series of 8-bit single-chip microcontroller incorporate multiple types of peripheral functions. 
This chip series is well suited for camera, VCR, MD, TV, CD, LD, printer, telephone, home automation, 
pager, air conditioner, PPC remote control, fax machine, musical instrument, and other applications. 


This LSI brings to embedded microcontroller applications flexible, optimized hardware configurations 
and a simple efficient instruction set. This LSI has an internal 24 KB of ROM and 512 bytes of RAM. 
Peripheral functions include 4 external interrupts, 10 internal interrupts including NMI, 5 timer counters, 
1 set of serial interfaces, A/D converter, watchdog timer, buzzer output, and remote control output. The 
configuration of this microcontroller is well suited for application such as a system controller in a camera, 
VCR selection timer, CD player, or MD. 


With two oscillation systems (max.20 MHz/32.768 kHz) contained on the chip, the system clock can be 
switched to high speed oscillation (NORMAL mode), or to low speed oscillation (GLOW mode). The 
system clock is generated by dividing the oscillation clock. The best operation clock for the system can 
be selected by switching its frequency by software. 


When the oscillation source(fosc) is 8 MHz, minimum instructions execution time is for 238 ns, and 
when fosc is 20 MHz, it is 100 ns. The package is a 48-pin TQFP. 


1-1-2 Product Summary 


This manual describes the following models of the MN101C539 series. These products have same 
peripheral functions. MN101C539 is main in this manual. Differences between MN101C539 and 
MN101CP539 are shown in table 13-1-1 "Differences between MASK ROM version and internal EPROM 
version". 


Table 1-1-1 Product Summary 








Model ROM Size RAM Size Classification 
MN101C539 24 KB 512 bytes Mask ROM version 
MN101CP539 24 KB 512 bytes EPROM version 
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1-2 Hardware Functions 


CPU Core MN101C Core 
- LOAD-STORE architecture (3-stage pipeline) 
- Half-byte instruction set / Handy addressing 
- Memory addressing space is 256 KB 
- System clock switching function (at reset fs=fosc/64) 
System clock fs=fosc/2, fosc/4, fosc/8, fosc/64 (NORMAL mode) 
=fx/2, fx4 (SLOW mode) 
- Minimum instructions execution time 
High speed oscillation 
0.100us / 20MHz (4.5 V to 5.5 V) 
0.238 us / 8.39 MHz (2.7 V to 5.5 V) 
1.000 us / 4MHz (2.0 V to 5.5 V) “1 
Low speed oscillation 61.04 us / 32.768 kHz (2.0 V to 5.5 V) *1 
*1 : Minimum rating for EPROM vers. is 2.7 V to 5.5 V. 
- Operation modes 
NORMAL mode ( High speed oscillation ) 
SLOW mode ( Low speed oscillation ) 
HALT mode 
STOP mode 
(The operation clock can be switched in each mode.) 


Internal memory ROM 24 KB 
RAM 512 bytes 


Interrupts 10 Internal interrupts 
<Non-maskable interrupt (NMI)> 
- Incorrect code execution interrupt and Watchdog timer interrupt 
< Timer interrupts > 
- Timer 2 interrupt 
- Timer 3 interrupt 
- Timer 6 interrupt 
- Time base interrupt 
- Timer 7 interrupt 
- Match interrupt for Timer 7 compare register 2 
< Serial interface interrupts > 
- Serial interface 0 interrupt 
- Serial interface 0 UART reception interrupt 
< A/D interrupt > 
- A/D converter interrupt 
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4 External interrupts 
- IRQO : Edge selectable. With/Without noise filter. 

Both edges interrupt (STOP/HALT : can be recovered at the both edges) 
- IRQ1 : Edge selectable. With/Without noise filter. AC zero cross detector. 

Both edges interrupt (STOP/HALT : can be recovered at the both edges) 
- IRQ2 : Edge selectable. Serial interface 0 clock interrupt 
- IRQ3 : Edge selectable. Key interrupt. 


Timers 
5 timers ( 4 can be operated independently ) 
- 8-bit timer for general use (UART baud rate timer) 2 sets 
- 8-bit free-running timer 1 set 
Time base timer 1 set 
- 16-bit timer for general use 1 set 


Timer 2 ( 8-bit timer for general use or UART baud rate timer ) 
- Square wave output ( Timer pulse output ), PWM output, Event count, 
Simple pulse width measurement, Serial interface transfer clock 
- Clock source 
fosc, fosc/4, fosc/16, fosc/32, fosc/64, fs/2, fs/4, fx, external clock 


Timer 3 ( 8-bit timer for general use or UART baud rate timer ) 

- Square wave output ( Timer pulse output ), Event count, Serial transfer 
clock, 16-bit cascade connection function ( connect to timer 2 ), Remote 
control carrier output 

- Clock source 

fosc, fosc/4, fosc/16, fosc/64, fosc/128, fs/2, fs/8, fx, external clock 


Timer 6 ( 8-bit free-running timer, Time base timer ) 
QO) 8-bit free-running timer 
- Clock source 
fosc, fosc/2', fosc/2"°, fs, fx, fx/2", fx/2" 
QO) Time base timer 
- Interrupt generation cycle 
fosc/2’, fosc/2°, fosc/2°, fosc/2"°, fosc/2'%, fosc/2">, 
fx/27, fx/28, fx/2°, fx/2"°, fx/2', fx/2'5 
at 32.768 kHz for low speed oscillation input can be set to measure one minute in- 
tervals. 
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Timer 7 ( 16-bit timer for general use ) 
- Clock source 
fosc, fosc/2, fosc/4, fosc/16, fs, fs/2, fs/4, fs/16, 
1/1, 1/2, 1/4, 1/16 of the external clock 
- Hardware organization 


Compare register with double buffer 2 sets 
Input capture register 1 set 
Timer interrupt 2 vectors 


- Timer functions 
Square wave output ( Timer pulse output ), Event count, 
High precision PWM output ( Cycle / Duty continuous changeable ), 
Timer synchronous output, Input capture function ( Both edges can be oper- 
ated ), Remote control carrier output. 


Watchdog timer 
- Watchdog timer frequency can be selected from fs/2'®, fs/2'® or fs/2?°. 


Oscillation Stabilization wait timer 
- Oscillation Stabilization wait time can be selected from among 27/fs, 2°/fs, 2'°/fs and 
2"4/fs (at reset 2°/fs). 


Remote control output 
Based on timer 3 pulse output and timer 7 PWM output, a remote control carrier with 
duty cycle of 1/2 or 1/3 can be output. 


Timer 7 can be activated by generation of timer 2 interrupt. 


Buzzer output Output frequency can be selected from fosc/2°, fosc/2', fosc/2", 
fosc/2"?, fosc/2", fosc/2", fx/23, fx/24. 


A/D converter 10 bits X 8 channels input 
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Serial interface 1 type 


Serial interface 0 ( Duplex UART / Synchronous serial interface ) 
QO) Synchronous serial interface 
- Transfer clock source 
fosc/2, fosc/4, fosx/16, fosc/64, fs/2, fs/4 
UART baud rate timer ( timers 2 and 3 ) output 
- MSB/LSB can be selected as the first bit to be transferred. Any 
transfer size from 1 to 8 bits can be selected. 
- Sequence transmission, sequence reception or both are available. 
- SBOO output control after transmission of last data (can be selected from H 
output, L output and maintaining of last data). 
- Slave communitation in standby mode is available (can be recovered by an 
interrupt when communication is completed). 
UO) Duplex UART ( Baud rate timer : Timers 2 and 3 ) 
- Parity check, Overrun error, Framing error detection 
- Transfer size 7 to 8 bits can be selected. 
- At UART communication, transmission / reception complete interrupts 


are available. 
LED driver 8 pins 
Port I/O ports 36 pins 
- LED (large current ) driver pin 8 pins 
- External memory I/F pin 11 pins 
- D/A output pin 8 pins 
Input ports 5 pins 
- External interrupt pin 4 pins 
Special pins 
- Operation mode input pin 1 pin 
- Reset input pin 1 pin 
- Power pin 2 pins 
- Oscillation pin 4 pins 


Package 48-pin TQFP (7 mm square / 0.5 mm pitch ) 
code name : TQFP048-P-0707B 
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1-3 Pin Description 


1-3-1 Pin Configuration 


~a— P21/IRQ1/ACZ 


36 |~e P63/KEY3 
35 |~—e—e P62/KEY2 
~=a—p PO61/KEY1 
~q— P22/IRQ2 
~<a—— P20/IRQO 
—=e—pe- P14/TM7IO 
27 |= =P13/TM3I0 
26 |——e P12/TM210 
25 |~e—e P11/TM70 


33 |~<«—t P60/KEY0 
32 |~<t— P23/IRQ3 





KEY4/P64 ~<a ~a- 6P10/RMOUT/TM7PWM 


KEY5/P65 ~<¢—> ~a— P06/BUZZER 


KEY6/P66 <> ~a— P02/SBT0 


KEY7/P67 ~——7>— ~#-— P01/SBI0/RXDO 


P70 <i> =a—re P00/SBO0/TXDO 


P71 ~<#.> XO 
MN101C539 
NRST/P27 —> _ 48 Pins TOFP - = _ I 
MMOD ——> Vss 


LED7/P87 ~*~ 
LED6/P86 <*> 
LED5/P85 <-> 


LED4/P84 ~#—?> ~—a— PA7/AN7 


LEDO/P80 
PCO 
ANO/PAO 
AN1/PA1 
AN2/PA2 
AN3/PA3 
AN4/PA4 
AN5/PA5 
AN6/PA6 


Oo nA 
co © 
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Q a 
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Figure 1-3-1 Pin Configuration ( 48 TQFP : Top view ) 
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1-3-2. Pin Specification 
Table 1-3-1 Pin Specification ( 1/2 ) 
Pins| Special Functions} yo en Ae Functions Description 
POO |} SBOO/TXDO in/out PODIRO POPULO |SBO0: Serial interface 0 transmission data output TXDO : UARTO transmission data output 
P01 | SBIO/RXDO in/out PODIR1 POPUL1 |SBIO : Serial interface 0 reception data input RXDO : UARTO reception data input 
P02| SBTO in/out PODIR2 POPULZ2 |SBTO: Serial interface 0 clock /O 
P06 | BUZZER in/out PODIR6 POPUL6 |BUZZER : Buzzer output 
P10} RMOUT TM7PWM |in/out P1DIROP1PULO | RMOUT : Remote control carrier output |©=TM7PWM : Timer 7PWM output 
P11} TM70 in/out P1DIR1 P1PUL1 | TM7O : Timer 7 output 
P12] TM2IO in/out P1DIR2 P1PUL2 | TM2IO : Timer 2 I/O 
P13} TM3IO in/out P1DIR3P1PUL3 | TM3IO : Timer 3 I/O 
P14] TM7IO in/out P1DIR4P1PUL4 | TM7IO : Timer 7 I/O 
P20} IRQO in > P2PULO | IRQO : External interrupt 0 
P21} IRQ1 ACZ in - P2PUL1 | IRQ1 : External interrupt 1 ACZ : Zero-cross input 
P22| IRQ2 in ; P2PUL2 | IRQ2 : External interrupt 2 
P23} IRQ3 in - P2PUL3 | IRQ3 : External interrupt 3 
P27} NRST in - - NRST : Reset 
P60) KEYO in/out P6DIRO P6PULO | KEYO : Key interrupt input 0 
P61) KEY1 in/out P6DIR1 P6PUL1 | KEY1 : Key interrupt input 1 
P62 | KEY2 in/out P6DIR2 P6PUL2 | KEY2 : Key interrupt input 2 
P63) KEY3 in/out P6DIR3 P6PUL3 | KEYS : Key interrupt input 3 
P64) KEY4 in/out P6DIR4 P6PUL4 | KEY4 : Key interrupt input 4 
P65) KEY5 in/out P6DIR5 P6PUL5 | KEY5 : Key interrupt input 5 
P66 | KEY6 in/out P6DIR6 P6PUL6 | KEY6 : Key interrupt input 6 
P67 | KEY7 in/out P6DIR7 P6PUL7 | KEY7 : Key interrupt input 7 
P70 in/out P7DIRO P7PULDO 
P71 in/out P7DIR1 P7PULD1 
P80 | LEDO in/out P8DIROP8PULO | LEDO : LED driver pin 0 
P81} LED1 in/out P8DIR1 P8PUL1 | LED1 : LED driver pin 1 
P82 | LED2 in/out P8DIR2 P8PUL2 | LED2 : LED driver pin 2 
P83 | LED3 in/out P8DIR3 P8PUL3 | LEDS : LED driver pin 3 
P84 | LED4 in/out P8DIR4 P8PUL4 | LED4 : LED driver pin 4 
P85 | LED5 in/out P8DIR5 P8PUL5 | LED5 : LED driver pin 5 
P86 | LED6 in/out P8DIR6 P8PUL6 | LED6 : LED driver pin 6 
P87 | LED7 in/out P8DIR7 P8PUL7 | LED7 : LED driver pin 7 
PAO) ANO in/out PADIRO PAPULDO] ANO : Analog 0 input 
PA1| AN1 in/out PADIR1 PAPULD1| AN1 : Analog 1 input 
PA2| AN2 in/out PADIR2 PAPULD2| AN2 : Analog 2 input 
PA3| AN3 in/out PADIR3 PAPULD3} ANS : Analog 3 input 
PA4| AN4 in/out PADIR4 PAPULD4| AN4 : Analog 4 input 
PA5| AN5 in/out PADIR5 PAPULD5} ANS: Analog 5 input 
PA6| AN6 in/out PADIR6 PAPULD6| ANG : Analog 6 input 
PA7| AN7 in/out PADIR7 PAPULD7| AN7 : Analog 7 input 
PCO in/out PCDIRO PCPULO 
I-8 Pin Description 
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Pin Functions 


Chapter 1 


Table 1-3-2. Pin Function Summary (1/5) 





Name 


No. 


VO 


Other Function 


Function 


Description 





Vss 
VDD 


17 
14 


Power supply pin 


Supply 2.0 V to 5.5 V to VpbD and 0 V to Vss. 





OSC1 
OSC2 


16 
15 


Input 
Output 


Clock input pin 
Clock output pin 


Connect these oscillation pins to ceramic or crystal 
oscillators for high-frequency clock operation. 

If the clock is an external input, connect it to OSC1 and 
leave OSC2 open. The chip will not operate with an 
external clock when using either the STOP or SLOW 
modes. 





Xl 
XO 


18 
19 


Input 
Output 


Clock input pin 
Clock output pin 


Connect these oscillation pins to crystal oscillators for 
low-frequency clock operation. 

If the clock is an external input, connect it to Xl and leave 
XO open. The chip will not operate with an external 
clock when using the STOP mode. If these pins are not 
used, connect XI to Vss and leave XO open. 





NRST 


43 


Input 


P27 


Reset pin 
[Active low] 


This pin resets the chip when power is turned on, is 
allocated as P27 and contains an internal pull-up 
resistor. Setting this pin low initializes the internal state 
of the device. Thereafter, setting the input to high 
releases the reset. The hardware waits for the system 
clock to stabilize, then processes the reset interrupt. 
Also, if "0" is written to P27 and the reset is initiated by 
software, a low level will be output. The output has an 
n-channel open-drain configuration. If a capacitor is to 
be inserted betweenNRST and VDD, itis 
recommended that a discharge diode be placed 
between NRST and Vpb. 





POO 
P01 
P02 
P06 


20 
21 
22 
23 


vO 


SBOO, TXDO 
SBIO, RXDO 
SBTO 
BUZZER 


VO port 0 


4-bit CMOS tri-state V/O port. 

Each bit can be set individually as either an input or 
output by the PODIR register. A pull-up resistor for each 
bit can be selected individually by the POPLU register. 
At reset, the input mode is selected and pull-up 
resistors are disabled (high impedance output). 








P10 
Pit 
P12 
P13 
P14 





24 
25 
26 
27 
28 


vO 








RMOUT, TM7PWM 
TM70 
TM2I0 
TM3I0 
TM7IO 





VO port 1 





5-bit CMOS tri-state /O port. 

Each bit can be set individually as either an input or 
output by the P1DIR register. A pull-up resistor for each 
bit can be selected individually by the P1PLU register. 
At reset, P11 to P14 are set to input mode and pull-up 
resistors are disabled (high impedance output), and 
P10 is set to ourput mode and pull-up resistors are 
disabled (output "L"). 
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Table 1-3-3 Pin Function Summary (2/5) 









































Name | No. vO Other Function Function Description 

P20 29 Input IRQO Input port 2 4-bit input port. 

P21 30 IRQ1, ACZ A pull-up resistor for each bit can be selected 

P22 31 IRQ2 individually by the P2PLU register. At reset, pull-up 

P23 32 IRQ3 resistors are disabled. 

P27 43 Input NRST VO port 2 P27 has an n-channel open-drain configuration. When 
"0" is written and the reset is initiated by software, a 
low level will be output. 

P60 33 vO KEYO VO port 6 8-bit CMOS tri-state /O port. 

P61 34 KEY1 Each bit can be set individually as either an input or 

P62 35 KEY2 output by the P6DIR register. A pull-up resistor for each 

P63 36 KEY3 bit can be selected individually by the P6PLU register. 

P64 37 KEY4 At reset, P60 to P67 input mode is selected and pull- 

P65 38 KEY5 up resistors are disabled (high impedance output). 

P66 39 KEY6 

P67 40 KEY7 

P70 41 vO VO port 7 2-bit CMOS tri-state /O port. 

P71 42 Each bit can be set individually as either an input or 
output by the P7DIR register. A pull-up or pull-down 
resistor for each bit can be selected individually by the 
P7PLUD register. However, pull-up and pull-down 
resistors cannot be mixed. 

At reset, P70 to P77 input mode is selected and pull- 
up resistors for P70 to P77 are disabled (high 
impedance output). 

P80 4 vO LEDO VO port 8 8-bit CMOS tri-state /O port. 

P81 3 LED1 Each individual bit can be switched to an input or 

P82 2 LED2 output by the P8DIR register. A pull-up resistor for each 

P83 1 LED3 bit can be selected individually by the P8PLU register. 

P84 48 LED4 When configured as outputs, these pins can drive 

P85 47 LED5 LEDs directly. 

P86 46 LED6 At reset, P80 to P87 input mode is selected and pull- 

P87 45 LED7 up resistors for P80 to P87 are disabled (high 
impedance output). 

PAO 6 vO AO input port A 8-bit input port. 

PA1 7 Al Each individual bit can be switched to an input or 

PA2 8 A2 output by the PAPLU resister. A pull-up or pull-down 

PA3 9 A3 resistor for each bit can be selected individually by the 

PA4 10 A4 PAPLUD resister. However, pull-up and pull-down 

PA5 11 A5 resistors cannot be mixed. 

PA6 12 A6 At reset, the PAO to PA7 input mode is selected and 

PA7 13 A7 pull- up resistors are disabled (high impedance 
output). 
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Table 1-3-4 Pin Function Summary (3/5) 





Name 


No. 


VO 


Other Function 


Function 


Description 





PCO 


vO 


VO port C 


1-bit CMOS tri-state V/O port. 

Each bit can be set individually as either an input or 
output by the PCDIR register. A pull-up resistor for each 
bit can be selected individually by the PCPLU register. 
At reset, the input mode is selected and pull-up 
resistors are disabled (high impedance output). 





SBOO 


20 


Output 


POO, TXDO 


Serial interface 
transmission data 
output pins 


Transmission data output pins for serial interfaces 0. 
The output configuration, either CMOS push-pull or n- 
channel open-drain can be selected. Pull-up resistors 
can be selected by the POPLU register. Select output 
mode by the PODIR register, and serial data output 
mode by serial mode register 1 (SCOMD1). 

This pin can be used as normal VO pins when the serial 
interface is not used. 





SBIO 


21 


Input 


P01, RXDO 


Serial interface 
reception data input 
pins 


Reception data input pins for serial interfaces 0. 
Pull-up resistors can be selected by the POPLU 
register. Select input mode by the PODIR register and 
serial input mode by the serial mode register 1 
(SCOMD1). 

This pin can be used as normal VO pins when the serial 
interface is not used. 





SBTO 


22 


vO 


P02 


Serial interface clock 
VO pins 


Clock V/O pins for serial interfaces 0. 

The output configuration, either CMOS push-pull or n- 
channel open-drain can be selected. Pull-up resistors 
canbe selected by the POPLU resister. Select clock VO 
for each communication mode by the PODIR register, 
and serial mode register 1 ( SCOMD1). 

This pin can be used as normal VO pins when the serial 
interface is not used. 








TXDO 





20 





Output 





SBOO, POO 





UART transmission 
data output pins 





In the serial interface in UART mode, these pins are 
configured as the transmission data output pins. 

The output configuration, either CMOS push-pull or n- 
channel open-drain can be selected. Pull-up resistors 
can be selected by the POPLU register. 

Select output mode by the PODIR register, and serial 
data output by serial interface 1 mode register 1 
(SCOMD1). 

This pin can be used as normal VO pins when the serial 
interface is not used. 
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Table 1-3-5 Pin Function Summary (4/5) 





Name 


No. 


fe) 


Ohter Function 


Function 


Description 





RXDO 


21 


Input 


SBIO, P01 


UART reception data 
input pin 


In the serial interface in UART mode, these pins are 
configured as the received data input pin. 

Pull-up resistors can be selected by the POPLU 
register. Set this pin to the input mode by the PODIR 
register, and to the serial input mode by the serial 
interface 1 mode register 1 (SCOMD1). 

This pin can be used as normal VO pin when the serial 
interface is not used. 





TM2I0 
TM3IO 


26 
27 


vO 


P12 
P13 


Timer VO pins 


Event counter clock input pins, timer output and PWM 
signal output pins for 8-bit timers 2, 3. To use these pins 
as event clock inputs, configure them as inputs by the 
P1DIR register. When the pins are used as inputs, pull- 
up resistors can be specified by the P1PLU register. 
For timer output, PWM signal output, select the special 
function pin by the port 1 output mode register 
(P1OMD) and set to the output mode by the P1DIR 
register. 

When not used for timer VO, these can be used as 
normal VO pins. 





RMOUT 


24 


Output 


TM7PWM, P10 


Remote control 
transmission signal 
output pin 


Output pin for remote control transmission signal with 
a carrier signal. 

For remote control carrier output, select the special 
function pin by the port 1 output mode register 
(P1OMD) and set to the output mode by the P1DIR 
register. Also, set to the remote control carrier output 
by the remote control carrier output control register 
(RMCTR). 

This can be used as a normal I/O pin when remote 
control is not used. 





TM70 


25 


Output 


P11 


Timer output pin 


Timer output and PWM signal output pin for 16-bit timer 
ri 

For timer output, PWM signal output, select the special 
function pin by the port 1 output mode register 
(P1OMD), and set to the output mode by the P1DIR 
register. 

When not used for timer VO, this can be used as normal 
VO pin. 





TM7PWM 


24 


Output 


RMOUT, P10 


Timer output pin 


PWM signal output pin for 16-bit timer 7. 

For PWM signal output, select the special function pin 
by the port 1 output mode register (P1OMD), and set 
to the output mode by the P1DIR register. At the same 
time, select timer 7 output with the remote comtrol 
carrier output control register (RMCTR). 

When not used for timer 7 PWM output pin, this can be 
used as normal VO pin. 





BUZZER 








23 





Output 





P06 





Buzzer output 





Piezoelectric buzzer driver pin. The driving frequency 
can be selected by the DLYCTR register. 

Select output mode by the PODIR register and select 
P06 buzzer output by the DLYCTR register. 

When not used for buzzer output, this pin can be used 
as a normal VO pin. 
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Table 1-3-6 Pin Function Summary (5/5) 





Other 























Name | No. VO : Function Description 
Function 

TM7IO_ | 28 vO P14 Timer VO pin Event counter clock input pin, timer output and PWM 
signal output pin for 16-bit timer 7. 

To use this pin as event clock input, configure this as 
input by the P1DIR register. In the input mode, pull-up 
resistors can be selected by the P1PLU register. 

For timer output, PWM signal output, select the special 
function pin by the port 1 output mode register 
(P1OMD), and set to the output mode by the P1DIR 
register. 

When not used for timer VO, this can be used as normal 
VO pin. 

ANO 6 Input PAO Analog input pins Analog input pins for an 8-channel, 10-bit A/D 

AN1 7 PA1 converter. 

AN2 8 PA2 When not used for analog input, these pins can be used 

ANS 9 PA3 as normal input pins. 

AN4 10 PA4 

AN5 11 PA5 

AN6 12 PA6 

AN7 13 PA7 

IRQO 29 Input P20 External interrupt input pins | External interrupt input pins. 

IRQ1 30 P21, ACZ The valid edge for IRQO to 3 can be selected with the 

IRQ2 31 P22 IRQnICR register. 

IRQ3 32 P23 IRQ1 is an external interrupt pin that is able to deternine 
AC zero crossings. Both edge for IRQO, 1 are valid for 
interrupt. When these are not used for interrupts, these 
can be used as normal input pins. 

ACZ 30 Input P21, IRQ1_ | AC zero-cross detection Aninput pin for an AC zero-cross detection circuit. The 

input pin AC zero-cross detection circuit outputs a high level 
when the input is at an intermediate level. It outputs a 
low level at all other times. ACZ input signal is 
connected to the P21 input circuit and the IQR1 
interrupt circuit. When the AC zero-cross detection 
circuit is not used, this pin can be used as a normal 
P21 input. 

KEYO 33 Input P60 Key interrupt input pins Input pins for interrupt based on ORed result of pin 

KEY1 34 P61 inputs. 

KEY2 35 P62 Key input pin for each bits can be selected individually 

KEY3 36 P63 by the key interrupt control register (P6IMD). 

KEY4 37 P64 When not used for KEY input, these pins can be used 

KEY5 | 38 P65 as normal VO pins. 

KEY6 | 39 P66 

KEY7 | 40 P67 

MMOD | 44 Input Memory mode switch input | Set this pin always to "L" for use. Do not change the 














pin 





setup after reset. 
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1-4 Block Diagram 


1-4-1 Block Diagram 


x 


XO 
Osci 
OSC2 
Vss 
VDD 


—ai—$— MMOD 





TM7I0,P14 <i} —a—_ PA1,AN1 


16-bit Timer 7 Watchdog Timer —at— PAO.ANO 


External Interrupt Automatic transfer Controller 


Low Speed High Speed CPU ay 
See Se] a||_mee | SE woe | Ee oo 
SBTO,P02 <>] = fo) 
BUZZER,P06 ROM RAM 
24 KB 512 bytes —— PA7,AN7 
~al—B PAG, ANG 
TM7PWM,RMOUT,P10 8-bit Timer 2 Serial Interface 0 @ [a PAS, ANS 
TM70,P11 2 = ja PAL ANS 
TM210,P12 —?i—te-] 5 eee —al— _ PAZ, ANS 
TM3IO,P13 = 8-bit Timer 3 Time Base Timer6 > | dpe PA? ANZ 


Port 2 


z! 
z! 


Port 6 Port 8 
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P21 ——> 
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Figure 1-4-1 Block Diagram 
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1-5 Electrical Characteristics 





This LSI user's manual describes the standard specification. 
System clock ( fs ) is 1/2 of high speed oscillation at NOR- 

MAL mode, or 1/4 of low speed oscillation at SLOW mode. 
Please ask our sales offices for its own product specifica- 


tions. 











Content"! | MN101C539 
Structure CMOS integrated circuit 
Application General purpose 
Function 8-bit single-chip microcontroller 











1-5-1 Absolute Maximum Ratings? 


2 
a 
[2 Ireacanpenennce fe «esos | ma 
CT 
T+ [owismeme ve | eames | 


current 
a 
current *1 
Power dissipation 4 400 (Ta=85 °C) 


Operating ambient temperature (EPROM seein to +85)) 
Storage temperature - 55 to +125 





Applied to any 100 ms period. 

*2 Connect at least one bypass capacitor of 0.1 uF or larger between the power 
supply pin and the ground for latch-up prevention. 

*3 The absolute maximum ratings are the limit values beyond which the LSI may 
be damaged and proper operation is not assured. 
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1-5-2 


Overview 


Operating Conditions 


[NORMAL mode : fs=fosc/2, SLOW mode : fs=fx/4] 


Ta=-40 °C to +85 °C (-20°C to +85 °C ) Vop=2.0 V (2.7 V) to 5.5 V Vss=0 V 
EPROM vers. is in( ). 











































































































Rating 
Parameter Symbol Conditions Unit 
MIN TYP MAX 
Power supply voltage 
1 Vpp1 fosc<20.0 MHz 4.5 - 5.5 
2 Vpp2 fosc<8.39 MHz 2.7 - 5.5 
, pope op tenets : fosc<4.00 MHz 200, sxe Ill see 
nae fs=fosc/4 (2.7) Vv 
4 Vv fx=32.768 kHz 20 - 5.5 
DD4 = . (2.7) : 
5 |Voltage to maintain RAM data | Vops During STOP mode 1.8 - 5.5 
Operation speed *1 
6 tc1 Vop=4.5 V to 5.5 V 0.100 . - 
7 Minimum instruction tc2 Vop=2.7 V to 5.5V 0.238 = = - 
8 xSCUnOMiMe tc3 Voo=2.0V (2.7V)to55V | 1.00 | - : 
9 tc4 Vop=2.0 V (2.7 V) to 5.5 V = 125 - 
“4 tc1, tc2, tc3 : 1/2 of high speed oscillation at NORMAL mode 
tc4 : 1/4 of low speed oscillation at SLOW mode 
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Ta=-40 °C to +85 °C (-20 TC to +85 CT) Vop=2.0 V (2.7 V) t0 5.5 V Vss=0 V 
EPROM vers. is in( ). 





Rating 
Parameter Symbol Conditions Unit 
MIN TYP MAX 








Crystal oscillator 1 Fig. 1-5-1 











10 | Crystal frequency fetal Vop=4.5 V to 5.5 V 1.0 - 20.0 MHz 
11 Ci - 20 - 

;-——_ External capasitors TP TTT TTT DF 
12 Ci2 - 20 - 
13 | Internal feedback resistor Rito - 700 - kQ 





Crystal oscillator 2 Fig. 1-5-2 












































































































































14 | Crystal frequency frtale - 32.768 - kHz 
15 Cat - 20 - 
External capasitors pF 
16 C22 - 20 - 
17 | Internal feedback resistor Rizo - 4.0 - MQ 
osci x! 
® @ 
Rf10 | fxtal1 Ri2o | fxtal2 
MN101C [}-__—————_@ MN101C [}—_—___—__@ 
Osc2 xO 
C12 C11 C22 Ca1 


























LOL AFA 


The feedback resistor is built-in. The feedback resistor is built-in. 


Figure 1-5-1 Crystal Oscillator 1 Figure 1-5-2 Crystal Oscillator 2 





Connect external capacitors that suits the used pin. When crystal oscillator or ceramic oscil- 
q lator is used, the frequency is changed depending on the condenser rate. Therefore, consult 
7 the manufacturer of the pin for the appropreate external capacitor. 
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Ta=-40 °C to +85 °C (-20°C to +85 °C) Vopn=2.0 V (2.7 V) to 5.5 V Vss=0 V 
EPROM vers. is in( ). 



















































































Rating 
Parameter Symbol Conditions Unit 
MIN TYP | MAX 
External clock input 1 OSC1 (OSC2 is unconnected) 
18 | Clock frequency fosc 1.0 - 20.0 MHz 
19 | High level pulse width twnt 20.0 ; A 
*2 Fig. 1-5-3 
20 |Low level pulse width tw 20.0 : = 
ns 
21 Rising time twr1 = = 5.0 
Fig. 1-5-3 
22 | Falling time twit - 5.0 
External clock input 2 XI (XO is unconnected) 
23 | Clock frequency fx 32.768 - 100 kHz 
24 | High level pulse width twhe 3.5 ; - 
*2 Fig. 1-5-4 us 
25 |Low level pulse width twee 3.5 : : 
26 | Rising time twre = = 20 
Fig. 1-5-4 ns 
27 |Falling time twi2 . 7 20 
*2 The clock duty rate in the standard mode should be 45% to 55%. 





twh1 nu twit 











-_ >< > 
> i twrt > < twit 
i 1/fosc > 


Figure 1-5-3 OSC1 Timing Chart 
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> < twr2 > < twi2 
< 1/fx 


> 


Figure 1-5-4 XI Timing Chart 
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1-5-3 DC Characteristics 


Ta=-40 °C to +85 °C (-20 °C to +85 °C) Vop=2.0 V (2.7 V) to 5.5 V Vss=0 V 
EPROM vers. is in (_). 


Parameter Symbol Conditions Unit 


Power supply current (no load at output pin) *1 


{ bb fosc=20.0 MHz Vpp=5 V 
fs=fosc/2 
2 | Power supply current Ipp2 fosc=8.39 MHz VDD=5 V 10 
fs=fosc/2 
ibs fx=32.768 kHz VDD=3 V 
fs=fx/4 
fx=32.768 kHz VDD=3 V 
Supply current Ta=25 °C 


during HALT mode 
fx=32.768 kHz VDD=3 V 


Ta=-40 °C to +85 °C 
8 | Supply current ooo | 


(Ta=--20 °C to +70 °C ) 
during STOP mode 
Vpb=5 V 


Ta=-40 °C to +85 °C 
(Ta=--20 °C to +85 °C ) 





“| Measured under conditions of no load. 

- The supply current during operation, IDD1(IDD2), is measured under the following conditions : 
After all l/O pins are set to input mode and the oscillation is set to <NORMAL modes>, the 
MMOD pin is at VSs level, the input pins are at VDD level, and a 20 MHz (8.39 MHz) 
square wave of VDD and Vss amplitudes is input to the OSC1 pin. 

- The supply current during operation, IDD3, is measured under the following conditions : After 
all I/O pins are set to input mode and the oscillation is set to <SLOW mode>, the MMOD pin 
is at VSs level, the input pins are at VDD level, and a 32.768 kHz square wave of VDD and Vss 
amplitudes is input to the XI pin. 

- The supply current during HALT mode, IDD4(IDD5), is measured under the following 
conditions : After all I/O pins are set to input mode and the oscillation is set to < HALT mode>, 
the MMOD pin is at Vss level, the input pins are at VDD level, and an 32.768 kHz square wave 
of VDD and Vss amplitudes is input to the XI pin. 

- The supply current during STOP mode, IDD6(IDD7), is measured under the following 
conditions : After the oscillation is set to <STOP mode>, the MMOD pin is at VSss level, the 
input pins are at VDD level, and the OSC1 and XI pins are unconnected. 
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Ta=-40 °C to +85 °C (-20 °C to +85 °C) Vpop=2.0 V (2.7 V) to 5.5 V Vss=0 V 


EPROM vers. is in( ). 


Inout pin 1 MMOD (Schmitt trigger input) 


[a [restarts we [Coan] me 
CS 

[io [rostaanecwen [us [wcaveven | _- [som] so [aa 
Input pin2 P20, P22, P23 (Schmitt trigger input) 

Pr Prostanine we [foam] me | 
I 
ee areas 

vl 


: Vop=5.0 V Vi=1.5 V 


Input pin 3-1 P21 


7 | Input leakage current Vi=0 V to VoD 
yA 


stamantcnneea nee Vpp=5.0 V Vi=1.5 V 
put nigh ¢ Pull-up resistor ON 
an RE Meh 


Input pin 3-2 P21(at used as ACZ) 


High detection voltage 
Low detection voltage 
reat. 
Input leakage current Vi=0 V to VoD Eee 
Input clamp current Vi>Vbpb VI<0 V so 
ACZ pins 
Falling time 


Oo 


8 


4 
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id trs tis > 





(Output ) |) 











Figure 1-5-5 AC Zero-Cross Detector 
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Ta=-40 °C to +85 °C (-20°C to +85 °C) Vop=2.0 V (2.7 V) to 5.5 V Vss=0 V 
EPROM vers. is in( ). 


Parameter Symbol Conditions Unit 


Input pin 4 P27 (NRST) 


aay 

VO pin5 P00 to P02, P06, P11 to P14, PCO (Schmitt trigger input) 

Fc (aC 

[ar frewtwtce dev ‘| oa | 

ape ete 
yA 


: Vop=5.0 V Vi=1.5 V 
34 | Output high voltage Vpp=5.0 V_ loH=-0.5 mA fas | - | - 
VOL5 Vpp=5.0 V |oL=1.0 mA Ld @al cl OG S| ¥ 


VO pin6 P60 to P67 (Schmitt trigger input) 
eave] = [| 
Vv 
ccc 
yA 


a, EE il 
VOH6 Vpp=5.0 V_ loH=-0.5 mA 4.5 an ae 
VO pin7 P70 to P71, PAO to PA7 (Schmitt trigger input) 


F Vop=5.0 V Vi=1.5V 


Vop=5.0 V Vi=1.5 V 
Output high voltage VOH7 Vpp=5.0 V loH=-0.5 mA fas | - |; | Vv 
Output low voltage VOL7 Vpp=5.0 V loL=1.0 mA | = [oof os 


35 | Output low voltage 


36 | Input high voltage VIH6 


37 | Input low voltage VIL6 


38 | Input leakage current ILK6é 


39 | Input high current 


40 | Output high voltage 


41 VOL6 Vpp=5.0 V |oLt=1.0 mA 


Output low voltage 


42 
43 
44 
45 
46 
47 

8 





4 





= 
NI 
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Ta=-40 °C to +85 °C (-20°C to +85 °C) 


Chapter 1 


Overview 


Vop=2.0 V (2.7 V) to 5.5 V Vss=0 V 
EPROM vers. is in (_). 










































































Rating 
Parameter Symbol Conditions Unit 
MIN TYP MAX 
Input pin8 P80 to P87 
49 | Input high voltage 1 VIH8 0.8 VDD - VDD 
50 | Input high voltage 2 VIH9 Vpp=4.5 V to 5.5V 0.7 VbD - VDD 
51 | Input low voltage 1 VIL8 Vss - 0.2 VDD 
52 | Input low voltage 1 VIL9 Vpp=4.5 V to 5.5V Vss - 0.3 VDD 
53 | Input leakage current ILks Vi=0 V to VoD - + 0.01 + 2.0 
54 | Input high current Is pace eccron ¥ 50 140 | -200 “ 
55 | Output high voltage VOH8 Vpp=5.0 V_ loH=-0.5 mA 4.5 - - 
56 | Output low voltage VOL8 Vpp=5.0 V loL=15 mA - 0.4 1.0 
VO ping P10 
57 | Input high voltage VIH10 0.8 VoD - VDD 
58 | Input low voltage VIL10 Vss - 0.2 VDD 7 
59 | Input leakage current ILkg Vi=0 V to VoD - + 0.01 + 2.0 
60 | Input high current ldo Pulls eaeron ¥ Sy ager ater || 
61 | Output high voltage VOH9 Vppb=5.0 V_ IoH=-3.3 mA 4.5 - - 
62 | Output low voltage VOL9 Vppb=5.0 V loL=3.5 mA - - 0.5 . 
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1-5-4 A/D Converter Characteristics 
Ta=-40 °C to +85 °C (-20 °C to +85 °C ) Vop=2.0 V (2.7 V) to 5.5 V Vss=0 V 
EPROM vers. is in( ). 
Rating 
Parameter Symbol Conditions Unit 
MIN TYP | MAX 
1 |Resolution - - 10 Bits 
2 |Non-linearity error 1 - - £3 
Vpp =5.0 V Vss=0 V 
3 Differential non-linearity TAD=800 ns ; : a8 
error 1 * 
LSB 
4 |Non-linearity error 2 : . £5 
Vpp =5.0 V Vss=0 V 
5 Differential non-linearity fosc=32.768 kHz : : a5 
error 2 is 
6 | Zero transition voltage VDT Vop =5.0V Vss<0 V . 30 100 
TAD=800 ns mv 
7 |Full-scale transition voltage | VFST : 30 100 
8 TAD=800 ns 9.6 - - 
A/D conversion time 
9 fx=32.768 kHz - - 183 
Us 
10 fosc=8 MHz 1.0 - 36 
Sampling time 
11 fx=32.768 kHz - 30.5 - 
12 | Analog input voltage VIA Vss - VDD V 
13 Analog input leakage ik Via=Vss to VDD : + 0.01] +20 uA 
current unselected channel 
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1-6 Package Dimension 








Package Code : TQFP048-P-0707B 
Units : mm 
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Sealing material : EPOXY resin 


Lead material : Alloy of Cu 
Lead surface processing : Pd plate 














Figure 1-6-1 48-Pin TQFP 





1 The package dimension is subjected to change. Before using this product, please obtain 
product specifications from the sales office. 
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1-7 Precautions 


1-7-1 General Usage 


™Connection of VDD pin, and Vss pin 

All VDD pins should be connected directly to the power supply and all Vss pins should be connected to 
ground in the external. Please consider the LSI chip orientation before mounting it on the printed circuit 
board. Incorrect connection may lead a fusion and break a micro controller. 


Cautions for Operation 

(1) — If you install the product close to high-field emissions (under the cathode ray tube, etc), shield 
the package surface to ensure normal performance. 

(2) | Each model has different operating condition, 
-Operation temperature should be well considered. For example, if temperature is over the oper- 
ating condition, its operation may be executed wrongly. 
-Operation voltage should be also well considered. If the operation voltage is over the operation 
range, it can be shortened the length of its life. If the operation voltage is below the operating 
range, its operation may be executed wrongly. 
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1-7-2. Unused Pins 


mUnused Pins (only for input) 

Insert 10 kQ to 100 kQ resistor to unused pins (only for input) for pull-up or pull-down. If the input is 
unstable, Pch transistor and Nch transistor of input inverter are on, and through current goes to the input 
circuit. That increases current consumption and causes power supply noise. 


Input pin 


Input 
0 kQ to 100 kQ « 


10 kQ to 100 ka 


Input i 


Input pin 





«— Through current 


Figure 1-7-1 Unused Pins (only for input) 
Current 
0 5 Input voltage 


Pch 
Input pin 
Input 
Nch 
(VDD=5 V) 


Input inverter organization Input inverter characteristics 


Figure 1-7-2 Input Inverter Organization and Characteristics 
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mUnused pins (for I/O) 
Unused I/O pins should be set according to pins’ condition at reset. If the output is high impedance (Pch 


/ Nch transistor : output off) at reset, to stabilize input, set 10 kKQ to 100 kQ resistor to be pull-up or pull- 
down. If the output is on at reset, set them open. 







Output control 






Output control 
10 kQ to 100 kQ 


Output OFF Output OFF 





Data 





Data 






10 kQ to 100 ka 


Output OFF 


Output OFF 





Figure 1-7-3 Unused I/O pins (high impedance output at reset) 
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1-7-3. Power Supply 


The Relation between Power Supply and Input Pin Voltage 

Input pin voltage should be supplied only after power supply is on. If the input pin voltage is applied 
supplies before power supply is on, a latch up occurs and causes the destruction of micro controller by a 
large current flow. 


Input Input protection resistance 


Forward current generates 
N (Vb 


Figure 1-7-4 Power Supply and Input Pin Voltage 


The Relation between Power Supply and Reset Input Voltage 
After power supply is on, reset pin voltage should be low for sufficient time, ts, before rising , in order to 
be recognized as a reset signal. 


Power voltage 


Voltage 


Reset pin 
low level 





[ Chapter 2. 2-6-1 Reset Operation ] 


Figure 1-7-5 Power Supply and Reset Input Voltage 
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1-7-4 Power Supply Circuit 


Cautions for Setting Power Supply Circuit 

The CMOS logic microcontroller is high speed and high density. So, the power circuit should be de- 
signed, taking into consideration of AC line noise, ripple caused by LED driver. Figure 1-7-6 shows an 
example for emitter follower type power supply circuit. 


BAn example for Emitter Follower Type Power Supply Circuit 


Set condensors for noise-filter near 
microcontroller power pins. 


Microcontroller 


Vss LED port 





For Noise-filter 


Figure 1-7-6 An Example for Emitter follower type Power Supply Circuit 
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1-7-5 Oscillators 


This LSI's oscillation clock can be used with a ceramic or crystal oscillator. 


mRecomended Oscillators 
Figure 1-7-7 shows basic configuration connected with a ceramic oscillator. 










Ceramic Resonator 








Feedback 
Resistance 
800 kQ 
TYP 








MN101C539 





Figure 1-7-7 Basic Configuration Connected with a Ceramic Oscillator 


After evaluate the actual oscillating on the target board, dumping resistance may be set, if necessary. 


We do not evaluate oscillating of crystal oscillator on this LSI. Set the circuit constant as is recommen- 
dation of the oscillator manufacturer. 





XI/XO, differs depending on stray capacitance of the oscillator or the mounting circuit. So 


<C Circuit constant of each ceramic or crystal oscillator, which is connected to OSC1/OSC2 or 
= consult the oscillator manufacturer for the appropreate circuit constant. 
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Chapter 2. CPU Basics 


2-1 Overview 


The MN101C CPU has a flexible optimized hardware configuration. It is a high soeed CPU with a simple 
and efficient instruction set. Specific features are as follows: 


1. Minimized code sizes with instruction lengths based on 4-bit increments 
The series keeps code sizes down by adopting a basic instruction length of one byte and variable 
instruction lengths based on 4-bit increments. 


2. Minimum execution instruction time is one system clock cycle. 


3. Minimized register set that simplifies the architecture and supports C language 
The instruction set has been determined, depending on the size and capacity of hardware, after 
an analysis of embedded application programing code and creation code by C language compiler. 
Therefore, the set is simple instruction using the minimal register set required for C language 
compiler. [¢ © "MN101C LSI User's Manual" (Architecture Instructions) ] 


Table 2-1-1 Basic Specifications 



























































Structure Load / store architecture 
Six registers Data : 8-bit x 4 
Address : 16-bit x 2 
Other PC : 19-bit 
PSW : 8-bit 
SP : 16-bit 
Instructions Number of instructions 37 
Addressing modes 9 
Instruction length Basic portion : 1 byte (min.) 
Extended portion : 0.5-byte x n 
(O<ns9) 
Basic Internal operation frequency (max) 10 MHz 
performance ; : ; 
Instruction execution Min. 1 cycle 
Inter-register operation Min. 2 cycles 
Load / store Min. 2 cycles 
Conditional branch 2 to 3 cycles 
Pipeline 3-stage (instruction fetch, decode, execution) 
Address space 256 KB (max. 64 KB fordata) [q 2-2 Memory space] 
External bus Address 18-bit (max.) 
Data 8-bit 
Minimum bus cycle 1 system clock cycle 
Interrupt Vector interrupt 3 interrupt levels 
Low-power STOP mode 
dissipation mode 
HALT mode 
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2-1-1 Block Diagram 


Data registers 



















































bo Processor status word Ti ~< Clock " Source oscillation 
Address registers D1 PSW T2 <——_ generator 
Stack pointer AO D2 
sP At D3 

































ry 
Instruction execution 

























































































ABUS controller 
BBUS 
Instruction decoder 
Program 
counter 
r 
Incrementer 
Nee7 
Instruction Interrupt 
t queue controller 
r r 
Program address Operand address 
| Interrupt bus 
y y 











Bus controller 


| ry 
ROM bus RAM bus Peripheral expansion p. 
Y 


Internal peripheral 
Intemal ROM Internal RAM functions 





















































Uses a clock oscillator circuit driven by an external crystal or ceramic resonator to supply 


lock j 
Clock generator clock signals to CPU blocks. 





Generates addresses for the instructions to be inserted into the instruction queue. 
Program counter {Normally incremented by sequencer indication, but may be set to branch destination 
address or ALU operation result when branch instructions or interrupts occur. 





Instruction queue | Stores up to 2 bytes of pre-fetched instructions. 





Decodes the instruction queue, sequentially generates the control signals needed for 


Instruction decod : : . : f : oe . 
nemuation eecoee" instruction execution, and executes the instruction by controlling the blocks within the chip. 





Instruction execution |Controls CPU block operations in response to the result decoded by the instruction 
controller decoder and interrupt requests. 





Executes arithmetic operations, logic operations, shift operations, and calculates operand 


ALU : ee ae : 
addresses for register relative indirect addressing mode. 





Internal ROM, RAM |Assigned to the execution program, data and stack region. 





Stores the addresses specifying memory for data transfer. Stores the base address for 


Address register . rare tae ; 
2 register relative indirect addressing mode. 





Data register Holds data for operations. Two 8-bit registers can be connected to form a 16-bit register. 





Detects interrupt requests from peripheral functions and requests CPU shift to interrupt 


Interrupt controller , 
processing. 





Controls connection of CPU internal bus and CPU external bus. Includes bus usage 


Bus controller ; ; ; 
arbitration function. 





Internal peripheral _|Includes peripheral functions (timer, serial interface, A/D converter, D/A converter, etc.). 
functions Peripheral functions vary with model. 














Figure 2-1-1 Block Diagram and Function 
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2-1-2 


CPU Control Registers 


This LSI locates the peripheral circuit registers in memory space (x'03F00' to x'03FFF') with memory- 
mapped I/O. CPU control registers are also located in this memory space. 


Table 2-1-2 CPU Control Registers 






































Registers Address R/W Function Pages 

CPUM x'03F00' RW “1 CPU mode control register Il- 19,23 

MEMCTR X'03F01' R/W Memory control register l- 16 

OSCMD X'03FOD' R/W Oscillation frequency control register Il- 23 

Reserved x'03FE0' - For debugger - 

NMICR X03FE1' R/W Non - maskable interrupt control register [ Chapter 3 ] |Ill- 16 
X'03FE2' 

xxxICR to R/W Maskable interrupt control register [e Chapter 3 ] |Ill- 17 to 29 
X'03FFA' 

Reserved X'O3FFF' - Reserved ( For reading interrupt vector data on interrupt process) - 











R/W : Readable / Writable 


Overview 


“1 apart of register is only readable 
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2-1-3 Instruction Execution Controller 


The instruction execution controller consists of four blocks: memory, instruction queue, instruction regis- 
ters, and instruction decoder. 


Instructions are fetched in 1-byte units, and temporarily stored in the 2-byte instruction queue. Transfer 
is made in 1-byte or half-byte units from the instruction queue to the instruction register to be decoded by 
the instruction decoder. 


7 0 


a. eee, 











Memory 














{ 





§~ 
5 0 


1 byte or a half byte 








Instruction queue 





Instruction register Hala Maro ot! 


Instruction decoder vy Instruction decoding 


CPU control signals 


Figure 2-1-2 Instruction Execution Controller Configuration 
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2-1-4 Pipeline Process 


Pipeline process means that reading and decoding are executed at the same time on different instruc- 
tions, then instructions are executed without stopping. Pipeline process makes instruction execution 
continual and speedy. This process is executed with instruction queue and instruction decoder. 


Instruction queue is buffer that fetches the second instruction in advance. That is controlled to fetch the 
next instruction when instruction queue is empty at each cycle on execution. At the last cycle of instruc- 
tion execution, the first word (operation code) of executed instruction is stored to instruction register. At 
that time, the next operand or operation code is fetched to instruction queue, so that the next instruction 
can be executed immediately, even if register direct (da) or immediate (imm) is needed at the first cycle 
of the next instruction execution. But on some other instruction such as branch instruction, instruction 
queue becomes empty on the time that the next operation code to be executed is stored to instruction 
register at the last cycle. Therefore, only when instruction queue is empty, and direct address (da) or 
immediate data (imm) are needed, instruction queue keeps waiting for a cycle. 


Instruction queue is controlled automatically by hardware so that there is no need to be controlled by 
software. But when instruction execution time is estimated, operation of instruction queue should be into 
consideration. Instruction decoder generates control signal at each cycle of instruction execution by 
micro program control. Instruction decoder uses pipeline process to decode instruction queue at one 
cycle before control signal is needed. 


2-1-5 Registers for Address 


Registers for address include program counter (PC), address registers (AO, A1), and stack pointer (SP). 


mProgram Counter (PC) 

This register gives the address of the currently executing instruction. It is 19 bits wide to provide access 
to a 256 KB address space in half byte(4-bit increments). The LSB of the program counter is used to 
indicate half byte instruction. The program counter after reset is stored from the value of vector table at 
the address of 4000. 18 





Program 


PC counter 
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Address Registers (AO, A1) 

These registers are used as address pointers specifying data locations in memory. They support the 
operations involved in address calculations (i.e. addition, subtraction and comparison). Those pointers 
are 2 bytes data. Transfers between these registers and memory are always in 16-bit units. Either odd or 


even address can be transferred. At reset, the value of address register is undefined. 
15 0 


| 
ea 


Stack Pointer (SP) 
This register gives the address of the byte at the top of the stack. It is decremented during push opera- 
tions and incremented during pop operations. Ar reset, the value of SP is undefined. 


15 0 


2-1-6 Registers for Data 


Registers for data include four data registers (DO, D1, D2, D3). 


mData Registers (DO, D1, D2, D3) 

Data registers DO to D3 are 8-bit general-purpose registers that support all arithmetic, logical and shift 
operations. All registers can be used for data transfers with memory. 

The four data registers may be paired to form the 16-bit data registers DWO (D0+D1) and DW1 (D2+D3). 
At reset, the value of Dn is undefined. 





Data DO Dwo 
registers D3 | D2 Dwi 
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2-1-7 Processor Status Word 


Processor status word (PSW) is an 8-bit register that stores flags for operation results, interrupt mask 
level, and maskable interrupt enable. PSW is automatically pushed onto the stack when an interrupt 
occurs and is automatically popped when return from the interrupt service routine. 


7 6 5 4 3 2 1 0 














PSW Reserved} MIE IM1 IMO VF NF CF ZF (Atreset:0000 0000) 























ZF Zero flag 





0 Operation result is not "0". 





1 Operation result is "0". 











CF Carry flag 





0 A carry or a borrow from MSB 
did not occur. 





A carry or a borrow from MSB 
occured. 











NF Negative flag 





0 MSB of operation results is "0". 





1 MSB of operation results is "1". 














VF Overflow flag 








0 Overflow did not occur. 





1 Overflow occured. 














IM1 to 0} Interrupt mask level 








Controls maskable interrupt acceptance. 

















MIE | Maskable interrupt enable 





All maskable interrupts are 
disabled. 





{ (xxxLVn,xxxlE) for each interrupt 
are enabled. 











Reserved | Set always "0". 

















Figure 2-1-3 Processor Status Word(PSW) 
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Zero Flag (ZF) 
Zero flag (ZF) is set to "1", when all bits are '0' in the operation result. Otherwise, zero flag is cleared to 
"oO". 


Carry Flag (CF) 
Carry flag (CF) is set to "1", when a carry from or a borrow to the MSB occurs. Carry flag is cleared to 
"0", when no carry or borrow occurs. 


@Negative Flag (NF) 
Negative flag (NF) is set to "1" when MSB is '1' and reset to "0" when MSB is '0'. Negative flag is used 
to handle a signed value. 


Overflow Flag (VF) 

Overflow flag (VF) is set to "1", when the arithmetic operation results overflow as a signed value. Other- 
wise, overflow flag is cleared to "0". 

Overflow flag is used to handle a signed value. 


Interrupt Mask Level (IM1 and IMO) 

Interrupt mask level (IM1 and IMO) controls the maskable interrupt acceptance in accordance with the 
interrupt factor interrupt priority for the interrupt control circuit in the CPU. The two-bit control flag 
defines levels '0' to '3'. Level 0 is the highest mask level. The interrupt request will be accepted only 
when the level set in the interrupt level flag (xxxLVn) of the interrupt control register (xxxICR) is higher 
than the interrupt mask level. When the interrupt is accepted, the level is reset to IM1-IMO, and interrupts 
whose mask levels are the same or lower are rejected during the accepted interrupt processing. 


Table 2-1-3 Interrupt Mask Level and Interrupt Acceptance 





























Interrupt mask level 
Priority Acceptable interrupt levels 
IM1 IMO 
Mask level 0 0 0 High Non-maskable interrupt (NMI) only 
Mask level 1 0 1 . NMI, Level 0 
Mask level 2 1 0 : NMI, Level 0 to 1 
Mask level 3 1 1 Low NMI, Level 0 to 2 























mMaskable Interrupt Enable (MIE) 

Maskable interrupt enable flag (MIE) enables/disables acceptance of maskable interrupts by the CPU's 
internal interrupt acceptance circuit. A'1' enables maskable interrupts; a '0' disables all maskable inter- 
rupts regardless of the interrupt mask level (IM1-IMO) setting in PSW. 

This flag is not changed by interrupts. 
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2-1-8 Addressing Modes 


This LSI supports the nine addressing modes. 


Each instruction uses a combination of the following addressing modes. 


1) Register direct 

2) Immediate 

3) Register indirect 

4) Register relative indirect 
5) Stack relative indirect 
6) Absolute 

7) RAM short 

8) I/O short 

9) Handy 


These addressing modes are well-suited for C language compilers. All of the addressing modes can be 
used for data transfer instructions. In modes that allow half-byte addressing, the relative value can be 
specified in half-byte (4-bit) increments, so that instruction length can be shorter. Handy addressing 
reuses the last memory address accessed and is only available with the MOV and MOVW instructions. 
Combining handy addresssing with absolute addressing reduces code size. For transfer data between 
memory, 7 addressing modes ; register indirect, register relative indirect, stack relative indirect, abso- 
lute, RAM short, I/O short, handy can be used. For operation instruction, register direct and immediate 
can be used. Refer to instruction's manual for the MN101C series. 





This LSI is designed for 8-bit data access. It is possible to tranfer data in 16-bit increments 
with odd or all even addresses. 
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Table 2-1-4 Addressing Modes 


Addressing mode Effective address Explanation 
Dn/DWn 
i Directly specifies the oe Only internal 
i An/SP 
; imm4/imms Directly specifies the operand or mask 
Immediate H imm16 —— value appended to the instruction code. 


Specifies the address using an address 


Register indirect 
register. 


Specifies the address using an address 
register with 8-bit displacement. 


Specifies the address using an address 


(d16, An) Antd16 register with 16-bit displacement. 


Register relative 


ee (d4, PC) 17 OH Specifies the address using the program 


PC+d4 [] counter with 4-bit displacement and H bit. 


ranch instructions only) 


Specifies the address using the program 


(d7, PC) Z counter with 7-bit displacement and H bit. 


PPC? 


ranch instructions only) 


(d11, PC) 17 OH Specifies the address using the program 


PG+d11 i counter with 11-bit displacement and H bit. 


i (branch instructions only) 


(d12, PC) 17 OH Specifies the address using the program 


aot PC+d1> i counter with 12-bit displacement and H bit. 
branch instructions only) 


(d16, PC) 17 OH Specifies the address using the program 


i (branch instructions only PC+d16 T] counter with 16-bit displacement and H bit. 





15 0 Specifies the address using the stack 
SP+d4 pointer with 4-bit displacement. 


Stack relative 


indirect Specifies the address using the stack 


pointer with 8-bit displacement. 


Specifies the address using the stack 


5 0 
(416, SP) SP+d16 pointer with 16-bit displacement. 


7 9 
Absolute oe) 


(abs12) u 0 Specifies the address using the operand 
value appended to the instruction code. 


15 Optimum operand length can be used to 


(abs16) specify the address. 


(abs18) 7 So 0 4 
i ; 
(branch instructions only) “4 


7 0 Specifies an 8-bit offset from the address 
RAM short : x00000 


Specifies an 8-bit offset from the top address 


enon H IOTOP+i08 (x'03F00') of the special function register area. 


Reuses the last memory address accessed 
and is only available with the MOV and 
MOVW instructions. Combined use with 
absolute addressing reduces code size. 





*1 H: half-byte bit 
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2-2 Memory Space 


2-2-1 Memory Mode 


ROM is the read only area and RAM is the memory area which contains readable/writable data. In 
addition to these, peripheral resources such as memory-mapped special registers are allocated. This 


LSI supports one memory mode (single chip mode) in its memory model. 


In single chip mode, the system consists of only internal memory. 


Settings for this mode are as follows ; 








Table 2-2-1 Memory Mode Setup 
: EXMEM flag 
Memory mode MMOD pin (MEMCTR register) 
Single chip mode L 0 




















MMOD pin should be fixed to "L" level, or "H" level. Do not change the setup of MMOD pin 
after reset. 
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In single-chip mode, the system consists of only internal memory. This is the optimized memory mode 
and allows construction of systems with the highest performance. 


The single-chip mode uses only internal ROM and internal RAM. The MN101C series devices offer up to 
12 KB of RAM and up to 240 KB of ROM. This LSI offers 512 bytes of RAM and 24 KB of ROM. 















































x'00000' 
abs 8 addressing 
256 bytes access area 
Internal 
512 ia x'00100' RAM space 
x'00200' 
A x'03F00' . : : 
256 bytes Special function registers 
Vv 
A 4 x'04000' 4 
Interrupt 
128 ae vector table 
A x'04080' . 
Subroutine 
64 bytes vector table 
24 KB v Internal 
x'040C0' ROM space 
Instruction code/ 
table data 
en 
v v ' 
[216 kB ates Reserved 
MMOD pin =L 
Figure 2-2-1 Single-chip Mode 








1 The value of internal RAM is uncertain when power is applied to it. 
7 It needs to be initialized before it is used. 
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isters 


Special Function Reg 


2-2-3 


The MN101C series locates the special function registers (I/O spaces) at the addresses x'03F00' to 


x'O3FFF' in memory space. The special function registers of this LSI are located as shown below. 


Table 2-2-2 Register Map 
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2-3 Bus Interface 


2-3-1 Bus Controller 


The MN101C series provides separate buses to the internal memory and internal peripheral circuits to 
reduce bus line loads and thus realize faster operation. 


There are three such buses: ROM bus, RAM bus, and peripheral expansion bus (I/O bus). They connect 
to the internal ROM, internal RAM, and internal peripheral circuits respectively. The bus control block 
controls the parallel operation of instruction read and data access. A functional block diagram of the bus 
controller is given below. 


Instruction Interrupt 
queue Program address Operand address control 


Bus controller 


Interrupt 
bus 


Memory control register 









Address decode 
| Memory mode setting 
Bus access (wait) 
control 





Peripheral 
RAM bus extension bus 
D pa fo | 


Internal 
Internal RAM 


peripheral functions 





Internal ROM 


Figure 2-3-1 Functional Block Diagram of the Bus Controller 
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2-3-2 Control Registers 


Bus interface is controlled by the memory control register (MEMCTR). 
mMemory Control Register (MEMCTR) 


7 6 5 4 3 2 1 0 
MEMCTR | |OW1 | IOWO] IVBM |EXMEM|_ - IRWE ‘ - (Atreset:1100-0--) 



































IRWE Software write enable flag for interrupt request flag 





Software write disable 

0 Even if data is written to each interrupt control 
register (xxxICR), the state of the interrupt 
request flag (xxxIR) will not change. 








1 Software write enable 








EXMEM | Set always to "0". 





















































IVBM Base address setting for interrupt vector table 
0 Interrupt vector base = x'04000' 
1 Interrupt vector base = x'00100' 
Wait cycles when Bus cycle at 
IOW1 to 0 accessing special register area | 20 MHz oscillation 
00 No wait cycles 100 ns 
01 1 wait cycle 100 ns 
10 2 wait cycles 200 ns 
11 3 wait cycles 250 ns 








Figure 2-3-2 Memory Control Register (MEMCTR: x'03F01' R/W) 





The 1IOW1-IOWO0 wait settings affect accesses to the special registers located at the ad- 
dresses x'3F00'-x'3FFF'. After reset, MEMCTR specifies the fixed wait cycle mode with three 
wait cycles. Wait setting of IOW is a function, which CPU supports for special use, for ex- 
ample, when special function register or I/O is expanded to external. For this LSI, wait cycle 
setting is not always necessary. Select "no-wait cycle" for high performance system con- 
struction. 
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2-4-1 


Overview 


Standby Function 


Chapter 2. CPU Basics 


This LSI has two sets of system clock oscillator (high speed oscillation, low speed oscillation) for two 
CPU operating modes (NORMAL and SLOW), each with two standby modes (HALT and STOP). Power 
consumption can be decreased with using those modes. 





Reset 

















NS 































































































































































































CPU operation mode STANDBY mode 
Interrupt = stopo = 
NORMAL mode EOSC:Halt = 
Program 5 7 EX: Halt = 
NORMAL 
OSC: Oscillation [f 
XI: Oscillation 
Interrupt = 
A = HALT 0 
E OSC: Oscillatio’ 
w= XI: Oscillation 
Program 3 Program 4 
STOP mode 
IDLE 
OSC: Oscillation 
XI: Oscillation 
| Program1 
HALT mode 
Program 2 
Interrupt = 
————S——— or TOPI = 
! = OSC: Halt 
SLOW = XI: Halt 
OSC: Halt Rea 
XI: Oscillation \ ___ 
a Interrupt = 
SLOW mode E Osc: Halt 
E XI: Oscillation 
Program 4 t 
=— = -CcPUhaltt + —e# : Wait period for oscillation stabilization is inserted OSC: High-frequency oscillation clock 





XI: Low-frequency oscillation clock (32 kHz) 


Figure 2-4-1 


Transition Between Operation Modes 
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BHALT Modes (HALTO, HALT1) 

— The CPU stops operating. But both of the oscillators remain operational in HALTO and only the high- 
frequency oscillator stops operating in HALT1. 

— An interrupt returns the CPU to the previous CPU operating mode that is, to NORMAL from HALTO or 
to SLOW from HALT1. 


BSTOP Modes (STOPO, STOP1) 

— The CPU and both of the oscillators stop operating. 

— Aninterrupt restarts the oscillators and, after allowing time for them to stabilize, returns the CPU to the 
previous CPU operating mode - that is, to NORMAL from STOPO or to SLOW from STOP1. 


BSLOW Mode 
— This mode executes the software using the low-frequency clock. Since the high-frequency oscillator is 
turned off, the device consumes less power while executing the software. 


m/DLE Mode 
— This mode allows time for the high-frequency oscillator to stabilize when the software is changing from 
SLOW to NORMAL mode. 


To reduce power dissipation in STOP and HALT modes, it is necessary to check the stability of both the 
output current from pins and port level of input pins. For output pins, the output level should match the 
external level or direction control should be changed to input mode. For input pins, the external level 
should be fixed. 

This LSI has two system clock oscillation circuits. OSC is for high-frequency operation (NORMAL mode) 
and XI is for low-frequency operation (SLOW mode). Transition between NORMAL and SLOW modes or 
to standby mode is controlled by the CPU mode control register (CPUM). Reset and interrupts are the 
return factors from standby mode. A wait period is inserted for oscillation stabilization at reset and when 
returning from STOP mode, but not when returning from HALT mode. High/low-frequency oscillation 
mode is automatically returned to the same state as existed before entering standby mode. 





oscillation (fosc) and low speed oscillation (fx), fosc should be set to 2.5 times or higher 


C To stabilize the synchronization at the moment of switching clock speed between high speed 
frequency than fx. 
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2-4-2 CPU Mode Control Register 


Transition from one mode to another mode is controlled by the CPU mode control register (CPUM). 


7 6 5 4 3 2 1 0 


CPUM _  |OSCSEL1OSCSEL0) OSCDBL|STOP | HALT | OSC1)/OSCO 
At reset : = 0 0 0 0 0 0 0 





















































1 [4 = 








a sToP | HALT | OSC1 | Osco rae XI/XO hel CPU 
NORMAL 0 0 0 0  Oscillation|Oscillation| OSCI Operating 
IDLE 0 0 0 1 Oscillation|Oscillation xl Operating 
SLOW 0 0 1 1 Halt Oscillation xl Operating 
HALTO 0 1 0 0 = Oscillation|Oscillation| OSCI Halt 
HALT1 0 1 1 1 Halt Oscillation xl Halt 
STOPO 1 0 0 0 Halt Halt Halt Halt 
STOP1 1 0 1 1 Halt Halt Halt Halt 



































Figure 2-4-2. Operating Mode and Clock Oscillation (CPUM : x'3F00', R/W) 


The procedure for transition from NORMAL to HALT or STOP mode is given below. 


(1) If the return factor is a maskable interrupt, set the MIE flag in the PSW to "1" and set the interrupt 
mask (IM) to a level permitting acceptance of the interrupt. 

(2) Clear the interrupt request flag (xxxIR) in the maskable interrupt control register (xxxICR) , set the 
interrupt enable flag (xxxlE) for the return factor, and set the IE flag in the PSW. 

(3) Set CPUM to HALT or STOP mode. 





Set the IRWE flag of the memory control register (MEMCTR) to clear interrupt request flag 
by software. 











System clock (fs) is changed depending on CPU operation mode. 

In NORMAL mode, HALTO mode, fs is based on fosc (high speed oscillation). In SLOW 
mode, IDLE mode, HALT1 mode, fs is based on fx (low speed oscillation). 

[a Chapter 2. 2-5 Clock Switching ] 


= & 
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2-4-3 Transition between SLOW and NORMAL 


This LSI has two CPU operating modes, NORMAL and SLOW. Transition from SLOW to NORMAL 
requires passing through IDLE mode. 


A sample program for transition from NORMAL to SLOW mode is given below. 





Program 1 





MOV _ x'3', DO ; Set SLOW mode. 
MOV Do, (CPUM) 








Transition from NORMAL to SLOW mode, when the low-frequency clock has fully stabilized, can be 
done by writing to the CPU mode control register. In this case, transition through IDLE is not needed. 


For transition from SLOW to NORMAL mode, the program must maintain the idle state until high-fre- 
quency clock oscillation is fully stable. In IDLE mode, the CPU operates on the low-frequency clock. 








For transition from SLOW to NORMAL, oscillation stabilization waiting time is required same 


C as that after reset. Software must count that time. 
bs We recommend selecting the oscillation stabilization time after consulting with oscillator 


manufacturers. 








Sample program for transition from SLOW to NORMAL mode is given below. 














Program 2 
MOV x'01', DO ; Set IDLE mode. 
MOV DO, (CPUM) 
Program 3 
MOV x'0B', DO ; A loop to keep approx. 6.7ms with low-frequency clock (82.768 kHz) 
LOOP ADD_ -1,D0 ; operation when changed to high-frequency clock (20 MHz). 
BNE LOOP : 
SUB DO, DO 3 
MOV DO, (CPUM) ; Set NORMAL mode. 
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2-4-4 Transition to STANDBY Modes 


The program initiates transitions from a CPU operating mode to the corresponding STANDBY (HALT/ 
STOP) modes by specifying the new mode in the CPU mode control register (CPUM). Interrupts initiate 
the return to the former CPU operating mode. 


Before initiating a transition to a STANDBY mode, however, the program must 

(1) | Set the maskable interrupt enable flag (MIE) in the processor status word (PSW) to '0' to disable 
all maskable interrupts temporarily. 

(2) Set the interrupt enable flags (xxxlIE) in the interrupt control registers (xxxICR) to '1' or '0' to 
specify which interrupts do and do not initiate the return from the STANDBY mode. Set MIE '1' to 
enable those maskable interrupts. 


NORMAL/SLOW 





\ mode / 
2 A Clear MIE flag in the PSW and all interrupt enable flags (xxx IE) 
Disable all interrupts in the maskable interrupt control register. 








Enable interrupt which] — Set the xxx IE of the return factor, 
will trigger return and set MIE flag in the PSW. 












Set HALT/STOP 
mode 





HALT/STOP 
mode 























Processing inside parentheses () is handled by hardware. 


When returning from STOP, __ 
mode, wait for oscillation 10) 
stabilize 


Watchdog timer 
NORMAL/SLOW = HALT: restarts counting 
mode } STOP: enabled 


Interrupt acceptance cycle 





~ex Return factor interrupt 
occured 




















i 
Figure 2-4-3 Transition to/from STANDBY Mode 





or higher than the mask level in PSW before transition to HALT or STOP mode, it is impos- 


< If the interrupt is enabled but interrupt priority level of the interrupt to be used is not equal to 
= sible to return to CPU operation mode by maskable interrupt. 
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Transition to HALT modes 
The system transfers from NORMAL mode to HALTO mode, and from SLOW mode to HALT1 mode. 


The CPU stops operating, but the oscillators remain operational. There are two ways to leave a HALT 
mode: a reset or an interrupt. A reset produces a normal reset; an interrupt, an immediate return to the 
CPU state prior to the transition to the HALT mode. The watchdog timer, if enabled, resumes counting. 











Program 4 
MOV x'4', DO ; Set HALT mode. 
MOV DO, (CPUM) 
NOP ; After written in CPUM, some NOP 
NOP ; instructions (three or less) are 
NOP ; executed. 

Program 4 
MOV x'7', DO ; Set HALT mode. 
MOV DO, (CPUM) 
NOP ; After written in CPUM, some NOP 
NOP ; instructions (three or less) are 
NOP ; executed. 











Transition to STOP mode 
The system transfers from NORMAL mode to STOPO mode, and from SLOW mode to STOP1 mode. In 


both cases, oscillation and the CPU are both halted. There are two ways to leave a STOP mode: a reset 


or an interrupt. 

















Program 5 
MOV x'8', DO ; Set STOP mode 
MOV DO, (CPUM) 
NOP ; After written in CPUM, some NOP 
NOP ; instructions (three or less) are 
NOP ; executed. 

Program 5 

MOV x'B', DO ; Set STOP mode 
MOV DO, (CPUM) 
NOP ; After written in CPUM, some NOP 
NOP ; instructions (three or less) are 
NOP ; executed. 











Right after the instruction of the transition to HALT, STOP mode, NOP instruction should be 
inserted 3 times. 
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2-5 Clock Switching 


This LSI can select the best operation clock for system by switching clock cycle division factor by pro- 
gram. Division factor is determined by both flags of the CPU mode control register (C PUM) and the 
Oscillator frequency control register (OSCMD). 


7 6 5 4 3 2 1 0 
OSCMD E ; - - 7 -  |SOSC2DS| Reserved (At reset :------ 00) 


| 





















































Reserved Set always to "0" 
SOSC2DS Low-frequency Clock 
0 Standard (Input the oscillation clock cycle) 
{ Divided (Input the oscillation clock cycle 
divided by 2) 














Figure 2-5-1 Oscillator Frequency Control Register (OSCMD : x'03FO0D', R/W) 


7 6 5 4 3 2 1 0 
CPUM - | OSCSEL1) OSCSELO| OSCDBL| STOP | HALT | OSC1 | OSCO (At reset :- 1100000) 













































































OSCDBL Internal System Clock 
0 Standard (Input the oscillation clock cycle 
divided by 2) 
1 2x-speed (Input the oscillation clock cycle) 
ee eeis. | Gensens Division factor 
NORMAL mode | SLOW mode 
0 0 1 1 
0 1 4 Forbidden 
1 0 Forbidden 
1 1 64 Forbidden 











Figure 2-5-2 CPU Mode Conirol Register (CPUM : x'03F00', R/W) 
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| ~4 aa mi 
High-frequency _fosc | -~2 fs 0 
1 

























































































System 
+2 OSCDBL Clock 
| | fs 
Low-frequency an . +2 
OSCSEL[1:0] 








SOSC2DS 


Figure 2-5-3 Clock Switching Circuit 





Division factor for 
OSCSEL1} OSCSELO} OSCDBL } High-frequency(OSC) 
Input (NORMAL mode) 
0 0 0 2 
0 1 1 4 
0 1 0 8 
1 1 0 64 

















Do not use other than this setup 


Figure 2-5-4 Setting Division Factor at NORMAL mode 
by combination of OSCSEL and OSCDBL 





Division factor for 
Low-frequency(XI/XO) 
Input (SLOW mode) 


OSCSEL1} OSCSELO | SOSC2DS 





0 0 0 2 
0 0 1 4 




















Do not use other than this setup 


Figure 2-5-5 Setting Division Factor at SLOW mode 
by combination of OSCSEL and SOSC2DS 





fs=fosc/64 after reset is released. 
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Transition in clock switching 
Clock switching in NORMAL mode should be operated in the order of following arrows. 


fosc/2 fos 

















fosc/8 


| 


fosc/4 























Figure 2-5-6 Transition in clock switching 





Even two flags mapped in same special function register need to be set individually. 





C For clock switching, set OSCDBL flag, OSCSEL flag and OSCO flag separately. 
a 
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2-6 


Reset 


2-6-1 Reset operation 


The CPU contents are reset and registers are initialized when the NRST pin (P27) is pulled to low. 


Blnitia 
There 
(1) 


(2) 


ting a Reset 

are two methods to initiate a reset. 

Drive the NRST pin low. 

NRST pin should be held "low" for more than OSC 4 clock cycles (200 ns at a 20 MHz). 


NRST pin itt 


as 4 clock cycles 
' (200 ns at a 20 MHz) 








—>, 


Figure 2-6-1 Minimum Reset Pulse Width 


Setting the P2OUT7 flag of the P2OUT register to "0" outputs low level at P27 (NRST) pin. And 
transferring to reset by program (software reset) can be executed. If the internal LSI is reset 
and register is initiated, the P2OUT7 flag becomes "1" and reset is released. 


[« Chapter 4. 4-4-2 Registers ] 





On this LSI, the starting mode is NORMAL mode that high oscillation is the base clock. 











C When NRST pin is connected to low power voltage circuit that gives pulse for enough low 
a 


level time at sudden unconnection. And reset can be generated even if NRST pin is held "low" 
for less than OSC 4 clock cycles, take notice of noise. 
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mSequence at Reset 

(1) | When reset pin comes to high level from low level, the innternal 14-bit counter (It can be used as 
watchdog timer, too.) starts its operation by system clock. The period from starting its count from 
its overflow is called oscillation stabilization wait time. 

During reset, internal register and special function register are initiated. 

After oscillation stabilization wait time, internal reset is released and program is started 

from the address written at address X '4000' at interrupt rector table. 


GR 





VDD 


NRST 








. —_- == 7 
internal 3ST Oscillation stabilization 


wait time 








Figure 2-6-2 Reset Released Sequence 
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2-6-2 Oscillation Stabilization Wait time 


Oscillation stabilization wait time is the period from the stop of oscillation circuit to the stablization for 
oscillation. Oscillation stabilization wait time is automatically inserted at releasing from reset and at 
recovering from STOP mode. At recovering from STOP mode the oscillation stabilization wait time con- 
trol register (DLYCTR) is set to select the oscillation stabilization wait time. At releasing from reset, 
oscillation stabilization wait time is fixed. 


The timer that counts oscillation stabilization wait time is also used as a watchdog timer. That is used as 
a runaway detective timer at anytime except at releasing from reset and at recovering from STOP mode. 
Watchdog timer is initiated at reset and at STOP mode and starts counting from the initialize value 
(x'0000') when system clock (fs) is as clock source. After oscillation stabilization wait time, it continues 
counting as a watchdog timer. [@ ~ Chapter 9 Watchdog timer ] 


Block Diagram of Oscillation Stabilization Wait Time (watchdog timer) 





NRST 
STOP ] | 

writeWDCTR i | 

HALT ——q R : ; 

x | )— 4/2-1/214 4/218-4 /220 |____» internal reset release 
fs/214 2 
fs/210 

MUX 


fs/26 
DLYCTR fs/22 




















D 





















































YV VY 




















-BUZS1_ | fs/220 











Uae e,| 18 
BUZOE | 7 se p| MUX > WDIRQ 
fs/2 



































Figure 2-6-3 Block Diagram of Osillation Stabilization Wait Time (watchdog timer) 
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Oscillation Stabilization Wait Time Control Register 





DLYCTR  |BUZOE 
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7 6 5 4 3 2 0 
BUZS2 | BUZS1 | BUZSO |DLYS1 |DLYSO - (At reset:000010--) 
Oscillation stabilization wait 
DLYS1 | DLYSO period selection 

0 0 2'4/ fs 
1 210/ fs 

{ 0 25/ fs 
1 22/ fs 

Note : After reset is released, the oscillation stabilization 








wait period is f 


ixed at 2°/ fs. 















































Buzzer output 
BUZSe BUZS1.| BUZS0 frequency selection 
4 0 fosc/2'4 
1 fosc/2'8 
0 
1 0 fosc/212 
1 fosc/2"! 
0 0 fosc/2'0 
1 1 fosc/29 
0 | fx/24 
{ 
1 fx/23 
BUZOE P06 output selection 





P06 port data output 








P06 buzzer output 











Figure 2-6-4 Oscillation Stabilization Wait Time Control Register (DLYCTR : x'03F03', R/W) 








is; 


1 System clock is fs=fosc/64 after reset release. If system clock is switched to fs=fosc/2 at 
oscillation stabilization wait time 25/fs with the first instruction, the time T required for MCU to 
start operation at fosc/2 (including the oscillation stabilization wait time) in single chip mode 


T = 47.5/fs = 3040/fosc (at OSC8 MHz T=380 ps) 


To extend the oscillation stabilizaion wait time, operate MCU at fosc/64. Select the oscillation 
cycle in consideration of matching with your oscillator. 
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Control the Oscillation Stabilization Wait Time 
At recovering from STOP mode, the bit 3-2 (DLYS1, DLYSO) of the oscillation stabilization wait time 
control register can be set to select the oscillation stabilization wait time from 2", 2'°, 2°, 2? x system 
clock. The DLYCTR register is also used for controlling of buzzer functions. 

[@ Chapter 10 Buzzer ] 


At releasing from reset, the oscillation stabilization wait time is fixed to "2° x system clock". System clock 
is determined by the CPU mode control register (CPUM). 


Table 2-6-1 Oscillation Stabilization Wait Time 


DLYS1 DLYSO Oscillation stabilization wait time 


After reset release, if system clock is switched to fs=fosc/2, time T, required for CPU operation at fosc/ 
2, including oscillation stablization wait time, in single chip mode is ; 





T=47.5/fs=3040/fosc (at fosc 8 MHz, T=380us) 
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Chapter 3 Interrupts 


3-1 Overview 


This LSI speeds up interrupt response with circuitry that automatically loads the branch address to the 
corresponding interrupt service routine from an interrupt vector table : reset, non-maskable interrupts 
(NMI), 9 maskable peripheral interrupts, and 4 external interrupts. 


For interrupts other than reset, the interrupt processing sequence consists of interrupt request, interrupt 
acceptance, and hardware processing. After the interrupt is accepted, the program counter (PC) and 
processor status word (PSW) and handy addressing data (HA) are saved onto the stack. And an inter- 
rupts handler ends by restoring, using the POP instruction and other means, the contents of any regis- 
ters used during processing and then executing the return from interrupt (RTI) instruction to return to the 
point at which execution was interrupted. Max.12 machine cycles before execution, and max 11 machine 
cycles after execution. 


Each interrupt has an interrupt control register, which controls the interrupts. Interrupt control register 
consists of the interrupt level field (LV1-0), interrupt enable flag (IE), and interrupt request flag (IR). 


Interrupt request flag (IR) is set to "1" by an interrupt request, and cleared to "0" by the interrupt accep- 
tance. This flag is managed by hardware, but can be rewritten by software. 


Interrupt enable flag (IE) is the flag that enables interrupts in the group. There is no interrupt enable flag 
in non-maskable interrupt (NMI). Once this interrupt request flag is set, it is accepted without any condi- 
tions. Interrupt enable flag is set in maskable interrupt. Interrupt enable flag (IE) of each maskable 
interrupt is valid when the maskable interrupt enable flag (MIE flag) of PSW is "1". 


Maskable interrupts have had vector numbers by hardware, but their priority can be changed by setting 
interrupts level field. There are three hierarchical interrupt levels. If multiple interrupts have the same 
priority, the one with the lowest vector number takes priority. Maskable interrupts are accepted when its 
level is higher than the interrupt mask level (IM1-0) of PSW. Non-maskable interrupts are always ac- 
cepted, regardless of the interrupt mask level. 
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Functions 


Table 3-1-1 


Interrupt Functions 


Chapter 3 Interrupts 





Interrupt type 


Reset (interrupt) 


Non-maskable 
interrupt 


Maskable interrupt 





Vector number 


2 to 26 





Table address 


x'04000' 


x04004' 





x'04008' to x'04068 





Starting address 


Address specified by vector address 





Interrupt level 


Level 0 to 2 
(set by software) 





Interrupt factor 


External RST pin 
input 


Errors detection, 
Pl interrupt 


External pin input 
Internal peripheral 
function 





Generated operation 


Direct input to 
CPU core 


Input to CPU core from 
non-maskable interrupt 
control register (NMICR) 


Input interrupt request level set 
in interrupt level flag (xxxL Vn) of 
maskable interrupt control 
register (xxxICR) to CPU core. 





Accept operation 


Always accepts 


Always accepts 


Acceptance only by the interrupt 
control of the register (xxxICR) 
and the interrupt mask level in 
PSW. 





Machine cycles 
until acceptance 


12 





PSW status 
after acceptance 





All flags are cleared 
to "o"" 





The interrupt mask level 
flag in PSW is cleared 
to "00". 





Values of the interrupt level flag 
(xxxLVn) are set to the interrupt 
mask level (masking all interrupt 
requests with the same or the 
lower priority). 
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3-1-2. Block Diagram 













































































IRQNM1 


> Interrupt 


CPU core 


Vector 1 
i 





IRQLVL 
2-0 





























WDOG 























IRQOICR 



















































































Peripheral 
function 


vO 




















xxxLV : Interrupt Level 
xxxlE : Interrupt Enable 
xxxIR : Interrupt Request 




































































Figure 3-1-1 
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Peripheral 
function 


vO 

















xxxLV : Interrupt Level 
xxxlE : Interrupt Enable 
xxxIR : Interrupt Request 





Interrupt Block Diagram 
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3-1-3. Operation 


M|nterrupt Processing Sequence 

For interrupts other than reset, the interrupt processing sequence consists of interrupt request, interrupt 
acceptance, and hardware processing. The program counter (PC) and processor status word (PSW) 
and handy addressing data (HA) are saved onto the stack, and execution branches to the address 
specified by the corresponding interrupt vector. 

An interrupt handler ends by restoring the contents of any registers used during processing and then 
executing the return from interrupt (RTI) instruction to return to the point at which execution was inter- 
rupted. 


Interrupt service routine 









Main program Interrupt 
request (xxxIR) 
NK Hardware processing flag cleared 
Save up PC, PSW, etc. at head 
































Interrupt WA "| 
Max. 12 machine cycles 
11 machine cycles 
Restart Restore PSW, PC up, etc. 
r is = 
' RTI 


Figure 3-1-2 Interrupt Processing Sequence (maskable interrupts) 
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Blnterrupt Sources and Vector Addresses 
Here is the list of interrupt vector address and interrupt group. 































































































Table 3-1-2 Interrupt Vector Address and Interrupt Group 

Vector Vector Interrupt group Control Register 

Number Address (Interrupt source) (address) 
0 x'04000" Reset - 5 : 
1 x'04004' Non-maskable interrupt NMI NMICR X03FE1' 
2 x'04008' External interrupt 0 IRQO IRQOICR X'03FE2' 
3 x'0400C' External interrupt 1 IRQ1 IRQ1ICR xX'03FE3' 
4 x'04010" External interrupt 2 IRQ2 IRQ2ICR X'03FE4' 
5 x'04014' External interrupt 3 IRQ3 IRQ3ICR xX'03FE5' 
6 x'04018' Reserved - 7 : 
7 x'0401C' Reserved - - - 
8 x'04020' Reserved : ; - 
9 x'04024' Reserved : : - 
10 x'04028' Reserved - : : 
11 x'0402C' Timer 2 interrupt TM2IRQ TM2ICR xX'03FEB' 
12 x'04030' Timer 3 interrupt TM3IRQ TMSICR X'03FEC' 
13 x'04034' Reserved - - 5 
14 x'04038' Reserved “ 3 : 
15 x'0403C' Timer 6 interrupt TM6IRQ TM6ICR X‘03FEF' 
16 x'04040' Time base interrupt TBIRQ TBICR x'03FFO' 
17 x'04044' Timer 7 interrupt TM7IRQ TM7ICR X03FF1' 
18 x'04048' Timer 7 compare2-match interrupt T70C2IRQ_ | T7OC2ICR X'03FF2' 
19 x'0404C' Reserved - - - 
20 x'04050' Reserved - - 5 
21 x'04054' Serial interface 0 UART reception interrupt |SCORIRQ SCORICR X'03FF5' 
22 x'04058' Serial interface 0 interrupt SCOTIRQ SCOTICR xX'03FF6' 
23 x'0405C' Reserved - - - 
24 x'04060' Reserved - 7 - 
25 x'04064' Reserved - : : 
26 x'04068' A/D converter interrupt ADIRQ ADICR X'03FFA' 
27 x'0406C' Reserved - - - 
28 x'04070' Reserved - : : 
29 x'04074' Reserved - - ; 
30 x'04078' Reserved 2 : - 


























For unused interrupts and reserved interrupts, set the address on which the RTI instruction 


is described to the corresponded address. 
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@|nterrupt Level and Priority 

This LSI allocated vector numbers and interrupt control registers (except reset interrupt) to each inter- 
rupt. The interrupt level (except reset interrupt, non-maskable interrupt) can be set by software, per each 
interrupt group. There are three hierarchical interrupt levels. If multiple interrupts have the same priority, 
the one with the lowest vector number takes priority. For example, if a vector 3 set to level 1 and a vector 
4 set to level 2 request interrupts simultaneously, vector 3 will be accepted. 
































Vector 1 (Non-maskable interrupt) Priority | Interrupt vector No. 

1 Vector 1 

Level 0 Vectors 2, 5, 6 2 Vector 2 

3 Vector 5 
Interrupt level 

: Level 1 Vector 3 4 Vector 6 
setting range 

5 Vector 3 

Level 2 Vectors 4, 8 6 Vesora 

7 Vector 8 














Figure 3-1-3 Interrupt Priority Outline 
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Determination of Interrupt Acceptance 

The following is the procedure from interrupt request input to acceptance. 

(1) The interrupt request flag (xxxIR) in the corresponding external interrupt control 
register(IRQnICR) or internal interrupt control register (xxxICR) is set to '1’. 

(2) An interrupt request is input to the CPU, If the interrupt enable flag (xxxIE) in the same register 

is ‘1'. 

The interrupt level (IL) is set for each interrupt. The interrupt level (IL) is input to the CPU. 

The interrupt request is accepted, if IL has higher priority than IM and MIE is ‘1 

[ € Chapter 2. 2-1-7 Processor Status Word ] 


£8 


(5) — After the interrupt is accepted, the hardware resets the interrupt request flag (xxxIR) in the 
interrupt control register (xxxICR) to '0'. 


Current interrupt mask level (IM) 








PSW | -- Mie |i |i] VE | NF) CF | ZF 


























Level judgement. Accepted if IL<IM 


|_| : 


xxxICR XXxXxlE] xxxIRI 





























| 


Generated interrupt level (IL) 


Figure 3-1-4 Determination of Interrupt Acceptance 





The corresponding interrupt enable flag (xxxlE) is not cleared to "0", even if the interrupt is 
7 accepted. 














When the setting is as xxxLV=1, XXXLVO=1, the interrupt of that vector is disabled, regard- 
less of the value of xxxlE, xxxIR. 
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MIE='0' and interrupts are disabled when: 


MIE in the PSW is reset to '0' by a program 
Reset is detected 


MIE='1' and interrupts are enabled when: 


MIE in the PSW is set to '1' by a program 


The interrupt mask level (IM=IM1 - IMO) in the processor status word (PSW) changes when: 


The program alters it directly, 

A reset initializes it to 0 (O0b), 

The hardware accepts and thus switches to the interrupt level (IL) for a maskable interrupt, or 
Execution of the RTI instruction at the end of an interrupt service routine restores the processor 
status word (PSW) and thus the previous interrupt mask level. 





| The maskable interrupt enable (MIE) flag in the processor status word (PSW) is not 
= cleared to "0". 














Non-maskable interrupts have priority over maskable ones. 
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B|nterrupt Acceptance Operation 
When accepting an interrupt, this LSI hardware saves the handy address register, the return address 
from the program counter, and the processor status word (PSW) to the stack and branches to the 
interrupt handler using the starting address in the vector table. 
The following is the hardware processing sequence after by interrupt acceptance. 
Ti The stack pointer (SP) is updated. 
(SP-6 — SP) 

2. The contents of the handy address register (HA) are saved to the stack. 

Upper half of HA — (SP+5) 

Lower half of HA — (SP+4) 


3. The contents of the program counter (PC), the return ai eee | 
































address, are saved to the stack. 
PC bits 18, 17, and 0 — (SP+3) New SP ——— PSw Lower 
. (after interrupt ; 
PC bits 16-9 — (SP+2) ecepterics) PCB-1 | 
PC bits 8-1 — (SP+1) __PI6-9 
4. Thecontents of the PSW are saved to the stack. Poo! Reserved ipc 1817] Address 
PSW — (SP) HA7-0 | 
5. The interrupt level (xxxLVn) for the interrupt is copied to eats 
: Old SP ——> Higher 
the interrupt mask (IMn) in the PSW. 
(before interrupt 
Interrupt level (xxxLVn) — IMn acceptance) 
6. The hardware branches to the address in the vector aa See 
table. Figure 3-1-5 Stack Operation 


B|nterrupt Return Operation during interrupt acceptance 


An interrupt handler ends by restoring, using the POP instruction and other means, the contents of any 

registers used during processing and then executing the return from interrupt (RTI) instruction to return 

to the point at which execution was interrupted. 

The following is the processing sequence after the RTI instruction. 

1. The contents of the PSW are restored from the stack. (SP) 

2. The contents of the program counter (PC), the return address, are restored from the stack. 
(SP+1 to SP+3) 

3. The contents of the handy address register (HA) are restored from the stack. (SP+4, SP+5) 

4. The stack pointer is updated. (SP+6 — SP) 

5. Execution branches to the address in the program counter. 


The handy address register is an internal register used by the handy addressing function. The hardware 
saves its contents to the stack to prevent the interrupt from interfering with operation of the function. 





| Registers such as data register, or address register are not saved, so that PUSH instruction 
7 should be used to save data register or address register onto the stack, if neccessary. 








1 The address bp6 to bp2, when program counter (PC) are saved to the stack, are reserved. 
7 Do not change by program. 











I-10 Overview 


Chapter 3 Interrupts 


@Maskable Interrupt 
Figure 3-1-6 shows the processing flow when a second interrupt with a lower priority level (xxxLV1- 


xxxLVO0='10') arrives during the processing of one with a higher priority level (xxxLV1-xxxLV0='00'). 


IMO,1='00') 
(Main program ) 


Set MIE 














IM1,O="11' 





Interrupt 1 generated —z-» | Accepted because IL<IM and MIE='1' 


(xxxLV1,0='00') 


(IM1,0="00") — |Interrupt acceptance cycle| 
Interrupt service routine: 1 
* 


“Y-— Interrupt 2 generated 
( xxxLV1,0='10') 


? [om —=— (IM1,0="11) 


—— |Interrupt acceptance cycle 
(Interrupt service routine: 2 ) 



































(IM1,0='10') 








RT| —— (IM1,0='11') 





Interrupt generated —z-» | Not accepted because IM=IL 
(xxxLV1,0='11') 





i 


Parentheses ( ) indicate hardware processing. 
“1 If during the processing of the first interrupt, an interrupt request with an interrupt level 


(IL) numerically lower than the interrupt mask (IM) arrives, it is accepted as a nested 


interrupt. If IL => IM, however, the interrupt is not accepted. 
*2 The second interrupt, postponed because its interrupt level (IL) was numerically greater 
than the interrupt mask (IM) for the first interrupt service routine, is accepted when the 


first interrupt handler returns. 


Figure 3-1-6 Processing Sequence for Maskable Interrupts 
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m Multiplex Interrupt 

When an MN101C539 series device accepts an interrupt, it automatically disables acceptance of subse- 
quent interrupts with the same or lower priority level. When the hardware accepts an interrupt, it copies 
the interrupt level (xxxLVn) for the interrupt to the interrupt mask (IM) in the PSW. As a result, subse- 
quent interrupts with the same or lower priority levels are automatically masked. Only interrupts with 
higher priority levels are accepted. The net result is that interrupts are normally processed in decreasing 
order of priority. It is, however, possible to alter this arrangement. 


1. To disable interrupt nesting 
- Reset the MIE bit in the PSW to "0." 
- Raise the priority level of the interrupt mask (IM) in the PSW. 

2. To enable interrupts with lower priority than the currently accepted interrupt 
- Lower the priority level of the interrupt mask (IM) in the PSW. 





Multiplex interrupts are only enabled for interrupts with levels higher than the PSW interrupt 
mask level (IM). 








It is possible to forcibly rewrite IM to accept an interrupt with a priority lower than the interrupt 
being processed, but be careful of stack overflow. 








Do not operate the maskable interrupt control register (xxxICR) when multiple interrupts are 
enabled. If operation is necessary, first clear the PSW MIE flag to disable interrupts. 


an & 











W-12 Overview 


Chapter 3 Interrupts 


Figure 3-1-7 shows the processing flow for multiple interrupts (interrupt 1: xxxLV1-xxxLV0='10'", and 
interrupt 2: xxxLV1-xxxLV0='00’). 





| IM1,0="11' | 





Interrupt 1 generated —z2-& Accepted because xxxLV1,0<IM 
(xxxLV1,0='10') 









(IM1,0="1 0') — [rterupt acceptance oycl| 








C Interrupt service routine: 1 ) 





* Interrupt 2 generated —Z»| Accepted because xxxLV1,0<IM 
(xxxLV1,0='00') 








——~ Interrupt acceptance cycle 












( 1m1,0-'00' ) 








C Interrupt service routine: 2 > 





Restart interrupt processing program 1 
RT! —=— ( 1m10=10' ) 





RT| —=— (1m1,o=11" ) 








Parentheses ( ) indicate hardware processing 


Figure 3-1-7 Processing Sequence with Multiple Interrupts Enabled 
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3-1-4 ‘Interrupt Flag Setup 


# Interrupt request flag (IR) setup by the software 

The interrupt request flag is operated by the hardware. That is set to "1" when any interrupt factor is 
generated, and cleared to "0" when the interrupt is accepted. If you want to operate it by the software, the 
IRWE flag of MEMCTR should be set to "1". 

# Interrupt flag setup procedure 

A setup procedure of the interrupt request flag set by the hardware and the software shows as follows ; 





Setup Procedure 


Description 








Disable all maskable interrupts. 
PSW 
bp6 : MIE = 0 


Select the interrupt factor. 


Enable the interrupt request flag to 
be rewritten. 
MEMCTR (x'3F01') 
bp2 : IRWE = 1 


Rewrite the interrupt request flag. 
xxxICR 
bp0 : xxxIR 


Disable the interrupt request flag to 
be rewritten. 
MEMCTR (x'3F01') 
bp2 : IRWE = 0 


Set the interrupt level. 


xxxlCR 

bp7-6 : xxxLV1-0 
PSW 

bp5-4 : IM1-0 


Enable the interrupt. 
xxxICR 
bp1 : xxxlE = 1 


Enable all maskable interrupts. 
PSW 
bp6 : MIE = 1 





Clear the MIE flag of PSW to disable all 
maskable interrupts. This is necessary, 
especially when the interrupt control register is 
changed. 


Select the interrupt factor such as interrupt 
edge selection, or timer interrupt cycle change. 


Set the IRWE flag of MEMCTR to enable the 
interrupt request flag to be rewritten. This is 
necessary only when the interrupt request flag 
is changed by the software. 


Rewrite the interrupt request flag (xxxIR) of the 
interrupt control register (xxxICR). 


Clear the IRWE flag so that interrupt request 
flag can not be rewritten by the software. 


Set the interrupt level by the xxxLV1-0 flag of 
the interrupt control register (xxxICR). 

Set the IM1-0 flag of PSW when the interrupt 
acceptance level of CPU should be changed. 


Set the xxxlE flag of the interrupt control 
register (xxxICR) to enable the interrupt. 


Set the MIE flag of PSW to enable maskable 
interrupts. 
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3-2-1 Registers List 
Table 3-2-1 Interrupt Control Registers 
Register Address Functions Page 
NMICR X'03FE1' Non-maskable interrupt control register Il- 16 
IRQOICR X'03FE2' External interrupt 0 control register Il- 17 
IRQ1ICR X'03FE3' External interrupt 1 control register Il- 18 
IRQ2ICR X'03FE4' External interrupt 2 control register Il- 19 
IRQ3ICR X'03FES' External interrupt 3 control register Ill - 20 
TM2ICR XO3FEB' Timer 2 interrupt control register (Timer 2 compare match) I-21 
TMSICR xX'03FEC' Timer 3 interrupt control register (Timer 3 compare match) Ill - 22 
TM6ICR XO3FEF' Timer 6 interrupt control register (Timer 6 compare match) Ill - 23 
TBICR X'03FFO' Time base interrupt control register (Time base period) Ill - 24 
TM7ICR X'03FF1' Timer 7 interrupt control register (Timer 7 interrupt) Il - 25 
T70C2ICR X'03FF2' Timer 7 compare register 2-match interrupt control register Ill - 26 
Serricry | deere) | aa | lies Oa een res aca Wz 
SCOTICR X'03FF6' Serial interface 0 interrupt control register (Serial interface 0 interrupt) Ill - 28 
ADICR X'03FFA' A/D conversion interrupt control register (A/D converter interrupt) Ill - 29 








( 


Writing to the interrupt control register should be done after that all maskable interrupts are 


set to be disabled by the MIE flag of the PSW register. 











If the interrupt level flag (xxxLVn) is set to "level 3", its vector is disabled, regardless of 


interrupt enable flag and interrupt request flag. 
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3-2-2 Interrupt Control Registers 


The interrupt control registers include the maskable interrupt control registers (xxxICR) and the non- 
maskable interrupt control register (NMICR). 


@Non-Maskable Interrupt Control Register (NMICR address: x'03FE1') 


The non-maskable interrupt control register (NMICR) stores the non maskable interrupt request. When 
the non-maskable interrupt request is generated, the interrupt is accepted regardless of the interrupt 
mask level (IMn) of PSW. The hardware then branches to the address stored at location x'04004' in the 
interrupt vector table. The watchdog timer overflow interrupt request flag (WDIR) is set to "1" when the 
watchdog timer overflows. The program interrupt request flag (PIR) is set to "1" when the undefined 
instruction is executed. 


7 6 5 4 3 2 1 0 
NMICR - - - - - PIR WDIR | Reserved| (At reset : -----000) 



































Reserved Always set to "0". 
































a WDIR Watchdog interrupt request flag 
0 No interrupt request 
1 Interrupt request generated 
PIR Program interrupt request flag 
0 No interrupt request 
1 Interrupt request generated 














Figure 3-2-1 Non-Maskable Interrupt Control Register 
(NMICR:x'03FE1', R/W) 


On this LSI, when undefined instruction is decoded, the program interrupt request flag (PIR) 
is set to "1", and the non-maskable interrupt is generated. 

If the PIR flag setup is confirmed by the non-maskable interrupt service routine, the reset via 

the software is recommended, When software reset, the reset pin (p27) outputs "0". 














can clear it to "0". 





C Once the WDIR flag becomes "1" after non-maskable interrupt happens, only the program 
Z 
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External Interrupt 0 Control Register (IRQOICR) 

The external interrupt 0 control register (IRQOICR) controls interrupt level of the external interrupt 0, 
active edge, interrupt enable and interrupt request. Interrupt control register should be operated when 
the maskable interrupt enable flag (MIE) of PSW is "0". 




























































































7 6 5 4 3 2 1 0 
IRQO | IRQO é 7 s : 23 
IRQOICR LV4 LVO REDGO IRQOIE|IRQOIR (At reset: 000 0 0) 
External interrupt 
IRQOIR request flag 
0 No interrupt request 
1 Interrupt request generated 
External interrupt 
IRQOIE enable flag 
0 Disable interrupt 
1 Enable interrupt 
External interrupt active 
REDGO edge flag 
0 Falling edge 
1 Rising edge 
IRQO | IRQO Interrupt level flag 
LV1 LVO for external interrupt 
The CPU has interrupt levels from 0 to 3. 
These flags set the interrupt level for interrupt 
request. 











Figure 3-2-2 External Interrupt 0 Control Register (IRQOICR : x'03FE2', R/W) 
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External Interrupt 1 Control Register (IRQ1ICR) 

The external interrupt 1 control register (IRQ1ICR) controls interrupt level of external interrupt 1, active 
edge, interrupt enable and interrupt request. Interrupt control register should be operated when the 
maskable interrupt enable flag (MIE) of PSW is "0". 


7 6 5 4 3 2 1 0 





IRQ1 | IRQ‘ ; ; : : vee 
IRQIICR | wi | Tyo REDGI IRQTIE|IRA1IR (At reset :0 00 ---00) 



































| IRQ1IR External interrupt request flag 





0 No interrupt request 
1 Interrupt request generated 














IRQ1IE External interrupt enable flag 





0 Disable interrupt 
1 Enable interrupt 

















REDG1 External interrupt active edge flag 





0 Falling edge 
Rising edge 














IRQ1 | IRQ1 | Interrupt level flag 
LV1 Lvo_ | for external interrupt 














The CPU has interrupt levels from 0 to 3. These 
flags set the interrupt level for interrupt requests. 











Figure 3-2-3 External Interrupt 1 Control Register (IRQ1ICR : x'03FE3', R/W) 
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External Interrupt 2 Control Register (IRQ2ICR) 

The external interrupt 2 control register (IRQ2ICR) controls interrupt level of external interrupt 2, active 
edge, interrupt enable and interrupt request. Interrupt control register should be operated when the 
maskable interrupt enable flag (MIE) of PSW is "0". 





7 6 5 4 3 2 1 0 
IRQ2 | IRQ2 ; ; ; a8 
IRQZICR | iwi | ive REDG2 IRQ2IEIRQ2IR (At reset :0 00---00) 
































——_ IRQ2IR External interrupt request flag 





0 No interrupt request 
1 Interrupt request generated 














IRQ2IE External interrupt enable flag 





0 Disable interrupt 
1 Enable interrupt 














REDG2 External interrupt active edge flag 








0 Falling edge 
1 Rising edge 














IRQ2 | IRQ2 
LV1 LVO 


The CPU has interrupt levels from 0 to 3. These 
flags set the interrupt level for interrupt requests. 





Interrupt level flag for external interrupt 




















Figure 3-2-4 External Interrupt 2 Control Register (IRQ2ICR : x'03FE4', R/W) 
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mExternal Interrupt 3 Control Register (IRQ3ICR) 
The external interrupt 3 control register (IRQ3ICR) controls interrupt level of external interrupt 3, active 
edge, interrupt enable flag and interrupt request. Interrupt control register should be operated when the 


maskable interrupt enable flag (MIE) of PSW is "0". 





7 6 5 4 3 2 1 0 
IRQ3ICR | 'RQS ae REDG3| - : | ‘ IROSIE| RAIA (At reset :0 00 ---00) 
































\______ IRQ3IR External interrupt request flag 





0 No interrupt request 
1 Interrupt request generated 























IRQ3IE External interrupt enable flag 





0 Disable interrupt 
1 Enable interrupt 














REDG3 Extemal interrupt active edge flag 








0 Falling edge 
1 Rising edge 




















IRQ3 | IRQ3 
LV1 LVO 


The CPU has interrupt levels from 0 to 3. These 
flags set the interrupt level for interrupt requests 





Interrupt level flag for external interrupt 























Figure 3-2-5 External Interrupt 3 Control Register (IRQ3ICR : x'03FE5', R/W) 
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Timer 2 Interrupt Control Register (TM2ICR) 

The timer 2 interrupt control register (TM2ICR) controls interrupt level of timer 2 interrupt, interrupt 
enable flag and interrupt request. Interrupt control register should be operated when the maskable inter- 
rupt enable flag (MIE) of PSW is "0". 













































































vi 6 5 4 3 2 1 0 
TM2 | TM2 : : . A . ees 
TM2ICR LV4 | LVO | TM2IE/TM2IR (At reset : 00 0 0) 
TM2IR Interrupt request flag 
0 No interrupt request 
1 Interrupt request generated 
TM2lE Interrupt enable flag 
0 Disable interrupt 
1 Enable interrupt 
TM2 | TM2 | interrupt level fl 
VA) evo. | eee Reeve: 80 
The CPU has interrupt levels from 0 to 3. 
These flags set the interrupt level for 
interrupt requests. 











Figure 3-2-6 Timer 2 Interrupt Control Register (TM2ICR : x'03FEB', R/W) 
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Timer 3 Interrupt Control Register (TM3ICR) 

The timer 3 interrupt control register (TM3ICR) controls interrupt level of timer 3 interrupt, interrupt 
enable flag and interrupt request. Interrupt control register should be operated when the maskable inter- 
rupt enable flag (MIE) of PSW is "0". 





7 6 5 4 3 2 1 0 
TM3 | TM3 : ete 
TM3ICR Lvi | Lvo | - - | 7 - TMSIE/TM3IR (At reset : 0 0 0 0) 
































-—__ TM3IR Interrupt request flag 





0 No interrupt request 
Interrupt request generated 














TMSIE Interrupt enable flag 





0 Disable interrupt 
Enable interrupt 




















TM3 | TM3 
LV1 LVO 


The CPU has interrupt levels from 0 to 3. 
These flags set the interrupt level for 
interrupt requests. 





Interrupt level flag 




















Figure 3-2-7 Timer 3 Interrupt Control Register (TM3ICR : x'03FEC', R/W) 
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The timer 6 interrupt control register (TM6ICR) controls interrupt level of timer 6 interrupt, interrupt 
enable flag and interrupt request. Interrupt control register should be operated when the maskable inter- 


rupt enable flag (MIE) of PSW is "0". 


TM6ICR 








7 6 5 4 1 0 
TM6 | TM6 
LV4 | LVO - | = TM6IE/TM6IR 



































(At reset :00----00) 















































TM6IR Interrupt request flag 
0 No interrupt request 
it Interrupt request generated 
TM6IE Interrupt enable flag 
0 Disable interrupt 
1 Enable interrupt 
cS} Interrupt level fla 
Lv1 | Lvo P g 
The CPU has interrupt levels from 0 to 3. 
These flags set the interrupt level for 
interrupt requests. 








Figure 3-2-8 Timer 6 Interrupt Control Register (TM6ICR : x'03FEF'’, R/W) 
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Time Base Interrupt Control Register (TBICR) 

The time base interrupt control register (TBICR) controls interrupt level of time base interrupt, interrupt 
enable flag and interrupt request. Interrupt control register should be operated when the maskable inter- 
rupt enable flag (MIE) of PSW is "0". 













































































7 6 1 0 
TB TB A . Siow 
TBICR Lvi | Lvo TBIE | TBIR (At reset : 00 0 0) 
TBIR Interrupt request flag 
0 No interrupt request 
1 Interrupt request generated 
TBIE Interrupt enable flag 
0 Disable interrupt 
1 Enable interrupt 
TB TB 
LV14 LVo Interrupt level flag 
The CPU has interrupt levels from 0 to 3. 
These flags set the interrupt level for 
interrupt requests. 











Figure 3-2-9 Time Base Interrupt Control Register (TBICR : x'03FFO0', R/W) 
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Timer 7 Interrupt Control Register (TM7ICR) 

The timer 7 interrupt control register (TM7ICR) controls interrupt level of timer 7 interrupt, interrupt 
enable flag and interrupt request. Interrupt control register should be operated when the maskable inter- 
rupt enable flag (MIE) of PSW is "0". 













































































7 6 5 4 1 0 
TM7 | TM7 : : A . ls 
TM7ICR LV4 | LVO | TM7IE]TM7IR (At reset : 0 0 0 0) 
TM7IR Interrupt request flag 
0 No interrupt request 
1 Interrupt request generated 
TM7IE Interrupt enable flag 
0 Disable interrupt 
1 Enable interrupt 
TM7 | TM? | interrupt level fl 
[Mite I|CEVO ieee eee ee 
The CPU has interrupt levels from 0 to 3. 
These flags set the interrupt level for 
interrupt requests. 











Figure 3-2-10 Timer 7 Interrupt Control Register (TM7ICR : x'03FF1', R/W) 
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mTimer 7 Compare Register 2-match Interrupt Control Register (TOC2ICR) 

The timer 7 compare register 2-match interrupt control register (TOC2ICR) controls interrupt level of 
timer 7 compare register 2-match interrupt , interrupt enable flag and interrupt request. Interrupt control 
register should be operated when the maskable interrupt enable flag (MIE) of PSW is "0". 





7 6 5 4 3 2 1 0 
T70C2 | T70C2 - . : T70C2 | T70C2 -00---- 
T70C2ICR et ie va in (At reset : 00 00) 



































i———| T7OC2IR Interrupt request flag 





0 No interrupt request 





Interrupt request generated 











T7OC2IE Interrupt enable flag 





0 Disable interrupt 





Enable interrupt 











T70C2 | T70C2 
LV1 LVO 





Interrupt level flag 





The CPU has interrupt levels from 0 to 3. 
These flags set the interrupt level for 
interrupt requests. 











Figure 3-2-11 Timer 7 Compare Register 2-match Interrupt Control Register 
(TMOC2ICR : x'03FF2', R/W) 
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Serial Interface 0 UART Interrupt Control Register (SCORICR) 

The serial Interface 0 UART reception interrupt control register (SCORICR) controls interrupt level of 
serial Interface 0 UART reception interrupt, interrupt enable flag and interrupt request. Interrupt control 
register should be operated when the maskable interrupt enable flag (MIE) of PSW is "0". 





7 6 5 4 3 2 1 0 
SCOR |SCOR 7 ee 
SCORICR Lvi | Lvo - | - | - - scone SCORIR (at reset :00 00) 
































SCORIR Interrupt request flag 





0 No interrupt request flag 





1 Interrupt request generated 











SCORIE Interrupt enable flag 





0 Disable interrupt 
1 Enable interrupt 














SCOR | SCOR 
LV1 LVO 


The CPU has interrupt levels from 0 to 3. 
These flags set the interrupt level for 
interrupt requests. 





Interrupt level flag 




















Figure 3-2-12 Serial Interface QO UART Reception Interrupt Control register 
(SCORICR:x'03FF5', R/W) 
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Serial Interface 0 Interrupt Control Register (SCOTICR) 
The serial Interface 0 interrupt control register (SCOTICR) controls interrupt level of serial linterface 0 


interrupt, interrupt enable flag and interrupt request. Interrupt control register should be operated when 
the maskable interrupt enable flag (MIE) of PSW is "0". 








7 6 5 4 3 2 1 0 
SCOT | SCOT -00---- 
SCOTICR Lv4 | LvO | - | - | - | - Iscovie|scorin (At reset : 00 0 0) 

















____ SCOTIR Interrupt request flag 





0 No interrupt request 
1 Interrupt request generated 














SCOTIE Interrupt enable flag 





0 Disable interrupt 
1 Enable interrupt 














SCOr | Seo Interrupt level fla 
Lv1 | Lvo P g 














The CPU has interrupt levels from 0 to 3. 
These flags set the interrupt level for 
interrupt requests. 











Figure 3-2-13 Serial Interface 0 Interrupt Control Register (SCOTICR : x'03FF6', R/W) 
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A/D Converter Interrupt Control Register (ADICR) 
The A/D converter interrupt control register (ADICR) controls interrupt level of A/D converter interrupt, 
interrupt enable flag and interrupt request. Interrupt control register should be operated when the 
maskable interrupt enable flag (MIE) of PSW is "0". 







































































7 6 5 4 3 2 1 0 
AD AD : sits 
ADICR Lvi | LVvo - - - | - ADIE | ADIR (At reset :00 00) 
| ADIR Interrupt request flag 
0 No interrupt request 
1 Interrupt request generated 
ADIE Interrupt enable flag 
0 Disable interrupt 
1 Enable interrupt 
ne i Interrupt level fl 
Lv1 | Lvo Spee ed 
The CPU has interrupt levels from 0 to 3. 
These flags set the interrupt level for 
interrupt requests. 











Figure 3-2-14 A/D Converter Interrupt Control Register (ADICR : x'03FFA', R/W) 
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3-3 External Interrupts 


There are 4 external interrupts in this LSI. The circuit (external interrupt interface) for the external interrupt 
input signal, is built-in between the external interrupt input pin and the interrupt controller block. This external 
interrupt interface can manage to do with any kind of external interrupts. 


3-3-1 Overview 


Table 3-3-1 shows the list for functions which external interrupts 0 to 3 can be used. 


Table 3-3-1 External Interrupt Functions 




















External External External External 
interrupt 0 interrupt 1 interrupt 2 interrupt 3 
(IRQO) (IRQ1) (IRQ2) (IRQ3) 
External interrupt P23, 
input pin peo nel Pee) P 02. | ‘pe0 to P67 
Programmable 
active | | v v 
edge interrupt (P22) (P23) 
Both edges interrupt \ | = = 
Key input interrupt - z - V 
is (P60 to P67) 
Noise filter built-in | "| : : 
AC zero cross : ri 7 7 
detection 
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3-3-2 Block Diagram 


mExternal Interrupt 0 Interface, External Interrupt 1 Interface, Block Diagram 


3-bit prescaler 


EDGDT 9 
EDGSELO 
EDGSEL1 























IRQ2SEL 
IRQ3SEL_|7 








PSCMD 5 Standby mode signal 
PSCEN __| NFCTR 
- -CP NFOEN 
{ NFOSCKO 
NFOSCK1 





° 
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mExternal Interrupt 2 Interface Block Diagram 


IRQ2ICR_ 5 


| IRQZIR | 
| IROZIE 













| IRQ2LVO | 
P22/IRQ2 Kt-e| 1) 

U 
P02/SBTO Xt] X 


IRQ2 interrupt request 


a Polarity = 


Inversion 
16-bit timer 


EDGDT 


| EDGSEL1 | 


Fase 
|; 
Lol 
ai 
PIRGSSEL |, 





Figure 3-3-2 External Interrupt 2 Interface Block Diagram 
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mExternal Interrupt 3 Interface Block Diagram 
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Figure 3-3-3 External Interrupt 4 Interface Block Diagram 
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3-3-3. Control Registers 


The external interrupt input signal, which operated in each external interrupt 0 to 3 interface generate 
interrupt requests. 


External interrupt 0 to 3 interface are controlled by the external interrupt control register (IRQnICR). And 
external interrupt interface 0 to 1 are controlled by the noise filter control register (NFCTR) and the both 
edges interrupt control register (EDGDT), external interrupt interface 3 is controlled by the port 6 key 
interrupt control register (P6IMD). 


Table 3-3-2 shows the list of registers, control external interrupt 0 to 3. 


Table 3-3-2 External Interrupt Control Register 
































External Interrupt Register Address R/W Function Page 
IRQOICR X03FE2" R/W |External interrupt 0 control register Ill -17 
External interrupt 0 NFCTR X'03F8E' R/W |Noise filter control register Ill -35 
EDGDT X'03F8F' R/W |Both edges interrupt control register Ill -36 
IRQ1ICR X'03FE3' R/W |External interrupt 1 control register Ill -18 
External interrupt 1 NFCTR X'03F8E' R/W |Noise filter control register Ill -35 
EDGDT X'03F8F' R/W |Both edges interrupt control register Ill -36 
External interrupt 2 IRQ2ICR X'03FE4' R/W |External interrupt 2 control register Ill-19 
IRQ3ICR X'03FE5' R/W |External interrupt 3 control register Ill -20 
External interrupt 3 ; ; 
P6IMD X'03F4E' R/W |Port6 key interrupt control register Ill -37 




















R/W : Readable / Writable. 
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Noise Filter Control Register (NFCTR) 
The noise filter control register (NFCTR) sets the noise remove function for IRQO and IRQ1 and also 


selects the sampling cycle of noise remove function. And this register also set the AC zero cross detec- 


tion function for IRQ1. 


7 6 5 4 3 2 1 0 




















NFCTR P2tIM | NFISCK1 | NFISCKO) NFIEN - NFOSCK1 | NFOSCKO) NFOEN (At reset:0000-000) 

















NFOEN IRQO/ noise filter setup 





0 Noise filter OFF 
1 Noise filter ON 














NFOSCK1 | NFOSCKO | IRQO/ noise filter sampling period 








fosc 

fosc/2° 
fosc/2° 
fosc/2” 











-/O}]-+|/0O 














NF1EN IRQ1/ noise filter setup 








0 Noise filter OFF 
1 Noise filter ON 




















NF1SCK1 | NF1SCKO| !RQ1/ noise filter sampling period 





fosc 

fosc/2° 
fosc/2° 
fosc/2” 














-~/oO;-+|/|oO 











P21IM ACZ input enable flag 








0 Disable ACZ input 
1 Enable ACZ input 

















Figure 3-3-4 Noise Filter Control Register (NFCTR : x'03F8E’, R/W) 
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Both Edges Interrupt Control Register (EDGDT) 

The both edges interrupt control register (EDGDT) selects interrupt edges of IRQO and IRQ1. Interrupts 
are generated at both edges, or at single edge. The external interrupt control register (IRQOICR, 
IRQ1ICR) specifies whether interrupts are generated. This register also selects the interrupt trigger 
factosr of IRQ2 and IRQ3. 






























































7 6 5 4 3 2 1 0 
EDGDT |IRQ3SEL ||RQ2SEL - - - - _ |EDGSEL1|EDGSELO (At reset: 00----00) 
IRQO Both edges interrupt 
EDGSELO selection 
Programmable active edge 
0 interrupt selection 
Both edges interrupt 
1 selection 
IRQ1 Both edges interrupt 
EDGSELO selection 
Programmable active edge 
0 interrupt selection 
Both edges interrupt 
1 selection 




















IRQ2SEL IRQ2 interrupt factor selection 





0 External interrupt IRQ2 
P02(SBTO)input interrupt 

















IRQ3SEL IRQ3 interrupt factor selection 





0 External interrupt IRQ3 
1 Port6 key interrupt 

















Figure 3-3-5 Both Edges Interrupt Control Register (EDGDT : x'03F8F', R/W) 
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Port 6 Key Interrupt Control Register (P6IMD) 
The port 6 key interrupt control register (P6IMD) selects which pin on port 6 approved key interrupt in 


each bit. 


P6IMD 


7 6 5 4 3 2 1 0 


























P6KYEN7|P6KYENG | PEKYENS|/P6KYEN4 xen Pen PavEN P6KYENO (At reset:00000000) 














P6KYENO P60 key interrupt selection 





0 disable 
enable 

















P6KYEN1 P61key interrupt selection 





0 disable 
enable 

















P6KYEN2 P62 key interrupt selection 





0 disable 
enable 

















P6KYENS3 P63 key interrupt selection 





0 disable 
enable 

















P6KYEN4 P64 key interrupt selection 





0 disable 
1 enable 

















P6KYEN5 P65 key interrupt selection 





0 disable 
1 enable 

















P6KYEN6 P66 key interrupt selection 





0 disable 
1 enable 

















P6KYEN7 P67 key interrupt selection 





0 disable 
1 enable 

















Figure 3-3-6 Port 6 Key Interrupt Control Register (P6IMD : x'03F4E’, R/W) 
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3-3-4 Programmable Active Edge Interrupt 


mProgrammable Active Edge Interrupts (External interrupts 0 to 3) 
Through register settings, external interrupts 0 to 3 can generate interrupt at the selected edge either 
rising or falling edge. 


mProgrammable Active Edge Interrupt Setup Example (External interrupt 0 to 3) 
External interrupt 2 (IRQ2) is generated at the rising edge of the input signal from P22. 
The table below provides a setup example for IRQ2. 








Setup Procedure Description 
(1) Specify the interrupt active edge. (1) Set the REDG2 flag of the external interrupt 2 
IRQ2ICR (x'3FE4') control register (IRQ2ICR) to "1" to specify the 
bp5 :REDG2 =1 rising edge as the active edge for interrupts. 
(2) Set the interrupt level. (2) Set the interrupt priority level in the IRQ2LV1-0 
IRQ2ICR (x'3FE4') flag of the IRQ2ICR register. 


bp7-6 : IRQ2LV1-0= 10 
If the interrupt request flag has been already 
set, clear it. 

{ Chapter 3. 3-1-4 Interrupt flag setup ] 


(3) Enable the interrupt. (3) Set the IRQ2IE flag of the IRQ2ICR register to 
IRQ2ICR (x'3FE4') "1" to enable the interrupt. 
bp1 :IRQ2IE —=1 











External interrupt 2 is generated at the rising edge of the input signal from P22. 





| The Interrupt request flag may be set to "1" at switching the interrupt edge, so clear the 
7 interrupt request flag before interrupt is accepted. Also specify the interrupt active edge 
before the interrupt acceptance. 











© 
Gd The external interrupt pin is recommended to be pull-up in advance. 











When the programmable active edge interrupt is specified for external interrupt 0, 1(IRQO, 
IRQ1), set the EDGSELn flag of the both edge interrupt control register (EDGDT) to "0". 








= 
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3-3-5 Both Edges Interrupt 


Both Edges Interrupt (External interrupts 0 and 1) 
Both edges interrupt can generate interrupt at both the falling edge and the rising edge by the input signal 
from external input pins. CPU also can be returned from standby mode by both edges interrupt. 


mBoth Edges Interrupt Setup Example (External interrupts 0 and 1) 
External interrupt 0 (IRQO) is generated at the both edges of the input signal from P20 pin. 
An example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 





(1) Select the both edges interrupt. 
EDGDT (x'3F8F’) 
bpO : EDGSELO = 1 


(2) Set the interrupt level. 
IRQOICR (x'3FE2') 


(1) 


Set the EDGSELO flag of the both edges 
interrupt control register (EDGDT) to "1" to 
select the both edges interrupt. 


Set the interrupt level by the IRQOLV1-0 flag of 
the IRQOICR register. 





bp7-6 :IRQOLV1-0=10 The interrupt request flag of the IRQOICR 
register may be set, so make sure to clear the 
interrupt request flag (IRQOIR). 
[a Chapter 3 3-1-4 Interrupt flag setup ] 
(3) Enable the interrupt. (3) Set the IRQOIE flag of the IRQOICR register 


IRQOICR (x'3FE2’) 
bp1 :IRQOIE == 1 


to "1" to enable the interrupt. 














At the both edge of the input signal from P20 pin, an external interrupt 0 is generated . 


(\ The interrupt request flag may be set to "1" at switching the interrupt edge. So, clear the 
1 


interrupt request flag before the interrupt enable. Also, select the both edge interrupt before 





When the both edge interrupt is selected, the interrupt request generates at the both edge, 
regardless of the REDGn flag of the external interrupt control register (IRQnICR). 








the interrupt enable. 








The external interrupt pin is recommended to be pull-up, in advance. 
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3-3-6 Key Input Interrupt 


Key Input Interrupt (External interrupt 3) 
This LSI can set port 6 pin (P60 to P67) by 2 bits to key input pin. Key input interrupt can generate an 
interrupt at the falling edge, if at least 1 key input pin outputs low level. 





Key input pin should be pull-up in advance. 














When key input interrupt is used, set the IRQ3SEL flag of the both edges interrupt control 
register (EDGDT) to "1". 


= = 
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Key Input Interrupt Setup Example (External interrupt 3) 
After P60 to P63 of port 6 are set to key input pins and key is input (low level), the external interrupt 3 
(IRQ3) is generated. An example setup procedure, with a description of each step is shown below. 








Setup Procedure Description 
(1) Set the key input pin to input. (1) Set the P6DIR3-0 flag of the port 6 direction 
P6DIR (x'3F36') control register (P6DIR) to "0000" to set P60 to 
bp3-0 : P6DIR3-0 = 0000 P63 pins to input pins. 
(2) Set the pull-up resistance. (2) Set the P6PLU3-0 flag of the port 6 pull-up/ 
P6PLU (x'3F46') down resistor control register (P6PLUs) to 
bp3-0 : P6PLU3-0 = 1111 "1111" to add the pull-up resistance to P60 to 
P63 pins. 
(3) Select the key input interrupt. (3) Set the IRQ3SEL flag of the both edges inter- 
EDGDT (x'3F8F') rupt control register (EDGDT) to "1" to select 
bp7 -IRQ3SEL =1 the external interrupt 3 source to the port 6 key 
interrupt. 
(4) Select the key input pin. (4) Set the PEKYENS3-1 flag of the port 6 key 
P6IMD (x'3F4E’') interrupt control register (P6IMD) to "1111" to 
bp3-0 : PEKYENS-0= 11 set P60 to P63 pins to key input pins. 
(5) Set the interrupt level. (5) Set the interrupt level by the IRQ3LV1-0 flag 
IRQ38ICR (x'3FE5') of the IRQ3ICR register. 
bp7-6 : IRQ3LV1-0= 10 
If the interrupt request flag has been already 
set, clear the it. 
ie | Chapter 3 3-1-4. Interrupt flag setup ] 
(6) Enable the interrupt. (6) Set the IRQ3IE flag of the IRQ3ICR register 
IRQ3ICR (x'3FE5') to "1" to enable the interrupt. 
bp1 -IRQ3IE = = 1 














Note : The above (3) and (4), (5) and (6) are set at the same time. 


If there is at least one input signal, from the P60 to P63 pins, shows low level, the external interrupt 
3 is generated at the falling edge. 


The setup of the key input should be done before the interrupt is accepted. 
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3-3-7 Noise Filter 


Noise Filter (External interrupts 0 to1) 


Noise filter reduce noise by sampling the input waveform from the external interrupt pins (IRQO, IRQ1). 


Its sampling cycle can be selected from 4 types (fosc, fosc/2°, fosc/2°, fosc/2"°). 


BNoise Remove Selection (External interrupts 0 to 1) 


Noise remove function can be used by setting the NFnEN flag of the noise filter control register (NFCTR) 


to "1". 


Table 3-3-3 Noise Remove Function 





NFnEN 


IRQO input (P20) 


IRQ1 input (P21) 





IRQO Noise filter OFF 


IRQ1 Noise filter OFF 








IRQO Noise filter ON 





IRQ1 Noise filter ON 





BSampling Cycle Setup (External interrupts 0 and 1) 


The sampling cycle of noise remove function can be set by the NFnSCK 1- 0 flag of the NFCTR register. 


Table 3-3-4 Sampling Cycle / Time of Noise Remove Function 














beta enepas Sampling High-Speed oscillation 
cycle fosc=20 MHz fosc=8 MHz 
0 fosc 20 MHz 50 ns 8 MHz 125 ns 
: 1 fosc/2® 78.13 kHz} 12.80 us | 31.25 kHz 32 Us 
0 fosc/2° 39.06 kHz| 25.60 us | 15.62 kHz 64 us 














fosc/2'° 19.53 kHz 








51.20 us | 7.81 kHz 128 us 

















To select fosc/2°, fosc/2° or fosc2/'° as a sampling cycle, set "1" to the PSCEN flag of the 
prescaler control register (PSCMD) to activate prescaler function in advance. 
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MNoise Remove Function Operation (External interrupts 0 to 1) 

After sampling the input signal to the external interrupt pins (IRQO, IRQ1) by the set sampling time, if the 
same level comes continuously three times, that level is sent to the inside of LSI. If the same level does 
not come continuously three times, the previous level is sent. It means that only the signal with the width 
of more than " Sampling time X 3 sampling clock " can pass through the noise filter, and other much 
narrower signals are removed, because those are regarded as noise. 


me tees tse 


IRQn pin input signal 








Waveform after 
filtering noise 


Figure 3-3-7 Noise Remove Function Operation 


Noise filter can not be used at STOP mode, HALT mode and SLOW mode. 
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BNoise Filter Setup Example (External interrupt 0 and 1) 

Noise remove function is added to the input signal from P20 pin to generate the external interrupt 0 
(IRQO) at the rising edge. The sampling clock is set to fosc, and the operation state is fosc = 20 MHz. 
An example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 








Specify the interrupt active edge. 


IRQOICR (x'3FE2') 
bp5 :REDGO =1 


Select the sampling clock. 
NFCTR (x'3F8E') 
bp2-1 : NFOSCK1-0 = 00 


Set the noise filter operation. 
NFCTR (x'3F8E’) 
bpd :NFOEN =1 


Set the interrupt level. 
IRQOICR (x'3FE2') 
bp7-6 : IRQOLV1-0= 10 


Enable the interrupt. 
IRQOICR (x'3FE2') 
bp1 :IRQOIE == 1 





(1) Set the REDGO flag of the external interrupt 0 
control register (IRQOICR) to "1" to specify the 
interrupt active edge to the rising edge. 


(2) Select the sampling clock to fosc by the 
NFOSCK 1-0 flag of the noise filter control 
register (NFCTR). 


(3) Set the NFOEN flag of the NFCTR register to 
"{" to add the noise filter operation. 


(4) Set the interrupt level by the IRQOLV 1- 0 flag of 
the IRQOICR register. 


If the interrupt request flag has been already 
set, clear the request flag. 
[ « Chapter 3 3-1-4. Interrupt flag setup ] 


(5) Set the IRQOIE flag of the IRQOICR register to 
"1" to enable the interrupt. 








Note : The above (2) and (3) are set at the same time. 


The input signal from the P20 pin generates the external interrupt 0 at the rising edge of the signal, 


after passing through the noise filter. 





C The setup of the noise filter should be done before the interrupt is enabled. 
Ll) 











The external interrupt pins are recommended to be pull-up in advance. 
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3-3-8 AC Zero-Cross Detector 


This LSI has AC zero-cross detector circuit. The P21 / ACZ pin is the input pin of AC zero-cross detector 
circuit. AC zero-cross detector circuit output the high level when the input level is at the middle, and 
outputs the low level at other level. 


BAC Zero-Cross Detector (External interrupt 1) 

AC zero-cross detector sets the IRQ1 pin to the high level when the input signal (P21/ACZ pin) is at 
intermediate range. At the other level, IRQ1 pin is set to the low level. AC zero-cross can be detected by 
setting the P21IM flag of the noise filter control register (NFCTR) to "1". 


approx.10 ms at 50 Hz 
: approx.8.3 ms at 60 Hz : 
AC line waveform ¢ = 














Ideal =e — 
IRQI f 

Actual 
IRQI iz | 


Point A> 























Figure 3-3-8 AC Line Waveform and IRQ1 Generation Timing 


Actual IRQ1 interrupt request is generated several times at crossing the 1/2 VDD of AC line wave- 
form. So, the filtering operation by the program is needed. 


The interrupt request is generated at the rising edge of the AC zero-cross detector signal. 
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BAC Zero-Cross Detector Setup Example (External interrupt 1) 
AC zero-cross detector generates the external interrupt 1 (IRQ1) by using P21/ACZ pin. 
An example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 








Select the AC zero-cross detector 


signal. 
NFCTR (x'3F8E’) 
bp7 > P21IM =1 


Set the interrupt level. 
IRQ1ICR (x'3FE3') 
bp7-6 : IRQ1LV1-0= 10 


Enable the interrupt. 
IRQ1ICR (x'3FE3') 
bp1 -IRQIUE =1 





(1) 


Set the P21IM flag of the noise filter control 
register (NFCTR) to "1" to select the AC 
zero-cross detector signal as the external 
interrupt 1 generation factor. 


Set the interrupt level by the IRQ1LV 1-0 
flag of the IRQ1ICR register. 


If the interrupt request flag has been already 
set, clear the interrupt flag. 
[a Chapter 3 3-1-4. Interrupt flag setup ] 


Set the IRQ1IE flag of the IRQ1ICR register to 
"1" to enable the interrupt. 





When the input signal level from P21/ACZ pin crosses 1/2 VDD, the external interrupt 1 is generated. 
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3-3-9 P02 (SBTO) interrupt 


@P02(SBTO) interrupt (External interrupts 2) 


Through register settings, signals I/O from P02/SBTO pin can generate interrupt at the selected edge 
either rising or falling edge. Recovery from standby mode is available by generation of serial interface 0 


clock. 


@P02(SBTO) interrupt Setup Example (External interrupts 2) 
External interrupt 2 (IRQ2) is generated at the rising edge of the input signal from P02(SBTO). 


The table below provides a setup example for IRQ2. 





Setup Procedure 


Description 








Select the PO2(SBTO) interrupt 
EDGDT (x'3F8F') 
bp6 :IRQ2SEL =1 


Select the interrupt valid edge. 
IRQ2ICR (x'3FE4') 
bp5 :REDG2 =1 


Set the interrupt level. 
IRQ2ICR (x'3FE4') 
bp7-6 :IRQ2LV-0 = 10 


Enable the interrupt. 
IRQ2ICR (x'3FE4') 
bp1 SIRQ2IE = 1 





(4) 


Set the IRQ2SEL flag of the both edges inter- 
rupt register (EDGDT) to "1" to select the serial 
interface OSBTO interrupt. 


Select the interrupt valid edge by the REDG2 
flag of the external interrupt 2 control register 
(IRQ2ICR) 


Set the interrupt level by IRQ2LV1-0 flag of the 
IRQ2ICR register. 


If the interrupt request flag has been already 
set, clear it. 
la Chapter 3 3-1-4. Interrupt flag setup ] 


Set the IRQ2IE flag of the IRQ2ICR register to 
"4" to enable the interrupt. 








External interrupt 2 is generated at the rising edge of the signal input from the PO2(SBTO) pin. 








q 


The Interrupt request flag may be set to "1" at switching the interrupt edge, so clear the 
interrupt request flag before interrupt is accepted. Also specify the interrupt active edge 
before the interrupt acceptance. 
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Chapter 4 I/O Ports 


4-1 Overview 


4-1-1 I/O Port Diagram 


A total of 41 pins on this LSI, including those shared with special function pins, are allocated for the 8 |/ 
O ports of ports 0 to 2, ports 6 to 8, port A and port C. Each I/O port is assigned to its corresponding 
special function register area in memory. I/O ports are operated in byte or bit units in the same way as 


RAM. 














P00,TXDO,SBOO P70 
P01,RXDO,SBIO P71 Port7 
PortO 4 P02,SBTO 
P06,BUZZER 
LEDO,P80 
LED1,P81 
P10,RMOUT,TM7PWM eee 
P11,TM70 ‘ 
Port ( P12. TM2I0 LED4,P84 Port8 
P13,TM3IO LED5,P85 
P14,TM7IO LED6,P86 
LED7,P87 
P20,IRQO 
P21,IRQ1,ACZ eee 
Port2 < P22,IRQ2 ‘ 
P23,IRQ3 preins 
P27,NRST , 
AN4,PA4 PortA 
AN5,PA5 
<+— >| P60,KEY0 AN6,PA6 
<——>| P61,KEY1 AN7,PA7 
<——>} P62,KEY2 
<+—_—>] P63, KEY3 
Port6 ‘ <+— >| P64,KEY4 PCO PortC 
<+—_—>] P65,KEY5 
<«——>| P66, KEY6 
| <>] P67, KEY7 
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Figure 4-1-1 I/O Port Functions 
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4-1-2 1/O Port Status at Reset 


Table 4-1-1 I/O Port Status at Reset (Single chip mode) 








Port Name VO mode Pull-up / Pull-down resistor VO port, special functions 
Port 0 Input mode No pull-up resistor VO port 
Port 1 Input mode* No pull-up resistor VO port 
rote |rotmode (gga AUDrEBSIE | por 
Port 6 Input mode No pull-up resistor VO port 
Port 7 Input mode No pull-up / pull-down resistor |V/O port 
Port 8 Input mode No pull-up resistor VO port 
PortA Input mode No pull-up / pull-down resistor |V/O port 
Port C Input mode No pull-up resistor VO port 


























* P10 is output mode 
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4-1-3 Control Registers 


Ports 0 to 2, ports 6 to 8, port A and port C are controlled by the data output register (PNOUT), the data 
input register (PnIN), the I/O direction control register (PnDIR), the pull-up resistor control register 
(PnPLU) and the pull-up / pull-down resistor control resister (PnPLUD) and registers (P1OMD, PAIMD, 
SCOODC, PAODC, FLOAT) that control special function pin. 


Table 4-1-3 shows the registers to control ports 0 to 2, ports 6 to 8, port A and port C ; 


Table 4-1-3 1/O Port Control Registers List (1/2) 






















































































Register Address R/W Function Page 

POOUT x'03F10' R/W |Port 0 output register \V-7 

POIN x'03F20' R_ |Port 0 input register \V-7 

Port 0 PODIR xX'03F30' R/W |Port 0 direction control register \V-7 
POPLU x'03F40' R/W |Port 0 pull-up resistor control register \V-7 

SCOODC X'03F96' RW |Serial interface 0 port control register N-8 

P1OUT X'03F 11' R/W |Port 1 output register NM-12 

P1IN X03F21' R_|Port 1 input register NM-12 

Port 1 P1DIR X'03F31' R/W |Port 1 direction control register NM-12 
P1PLU x'03F41' R/W |Port 1 pull-up resistor control register NV-12 

P10MD X'03F2F' R/W |Port 1 output mode register N-13 

P2OUT X'03F12' R/W |Port 2 output register N-17 

Port 2 P2IN X'03F22' R_ |Port 2 input register N-17 
P2PLU X'03F42' RWW |Port 2 pull-up resistor control register N-17 

P6OUT X'03F16' R/W |Port 6 output register IV-20 

P6IN X'03F26' R_ |Port 6 input register NV-20 

eens P6DIR X'03F36' R/W |Port 6 direction control register IV-20 
P6PLU X'03F46' R/W |Port 6 pull-up resistor control register IV-20 

P7OUT x'03F17' R/W |Port 7 output register N-23 

P7IN X'03F27' R_ |Port 7 input register N-23 

pom P7DIR x'03F37' RWW |Port 7 direction control register N-23 
P7PLUD X'03F47' R/W |Port 7 pull-up / pull-down resistor control register N-23 

P80UT x'03F18' R/W |Port 8 output register V-27 

P8IN x'03F28' R_ |Port 8 input register N-27 

nee P8DIR X'03F38' RWW |Port 8 direction control register V-27 
P8PLU xX'03F48' R/W |Port 8 pull-up resistor control register NV-27 
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Table 4-1-4 1/O Port Control Registers List (2/2) 

Register Address Function Page 

PAOUT X'03F1A' Port A output register NV-30 

PAIN X'03F2A' Port A input register NV-30 

PADIR X'03F3F' Port A direction control register NV-30 

ED PAIMD X'03F3A' Port A input mode register N-30 
PAODC X'03F4F' Port A output mode control register NV-30 

PAPLUD X'03F4A' Port A pull-up / pull-down resistor control register NV-31 

PCOUT x'03F1C' Port C output register N-34 

PCIN x'03F2C' Port C input register N-34 

Eo PCDIR x'03F3C' Port C direction control register N-34 
PCPLU x'03F4C' Port C pull-up resistor control register N-34 

Pin control FLOAT X'03F2E' eta Pull-down resistor selection, pin control IV-24, IV-31 























R/W : Both Readable/Writable 


R : Read only 
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4-2 Port 0 


4-2-1 Description 


™General Port Setup 

Each bit of the port 0 control I/O direction register (PODIR) can be set individually to set each pin as input 
or output. The control flag of the port 0 direction control register (PODIR) should be set to "1" for output 
mode, and "0" for input mode. 


To read input data of pin, set the control flag of the port 0 direction control register (PODIR) to "0" and 
read the value of the port 0 input register (POIN). 


To output data to pin, set the control flag of the port 0 direction control register (PODIR) to "1" and write 
the value of the port 0 output register (POOUT). 


Each pin can be set individually if pull-up resistor is added or not, by the port 0 pull-up resistor control 
register (POPLU). Set the control flag of the port 0 pull-up resistor control register (POPLU) to "1" to add 
pull-up resistor. 


Special Function Pin Setup 

POO to PO2 are used as I/O pin for serial interface 0, as well. POO is output pin of the serial interface 0 
transmission data, and UART 0 transmission data. When the SCOSBOS flag of the serial interface 0 
mode register 1 (SCOMD1) is "1", POO is serial data output pin. P01 is the input pin of the serial interface 
0 reception data, and UART 0 transmission data. P02 is I/O pin of the serial interface 0 clock. When the 
SCOSBTS flag of serial interface 0 mode register 1 (SCOMD1) is "1", P02 is serial clock output pin. 
POO and P02 can be selected as either an push-pull output or Nch open-drain output by the serial 
interface 0 port control register (SCOODC). 

[@ Chapter 11 11-2. Control registers ] 


PO6 is used as a buzzer output pin, as well. When the bp7 of the oscillation stabilization control register 
(DLYCTR) is "1", buzzer output is enabled. 
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4-2-2 Registers 
7 6 5 4 3 2 1 0 
POOUT Poour POOUT2 Jour POOUTO| ( At reset :-X---XXX) 
| | POOUT Output data 
0 L(Vss level) 
1 H(Vbp level) 
Port 0 output register (POOUT : x'03F10', R/W) 
7 6 2 1 0 
POIN POING | POIN2 | POIN1 | POINO | (Atreset:-X---XXX) 
| | POIN Input data 
0 Pin is low(Vss level). 
1 Pin is high(Vbbp level). 
Port 0 input register (POIN : x'03F20', R) 
7 6 2 1 0 
PODIR PODIR6 | PODIR2 | PODIR1 | PODIRO | ( Atreset:-0--- 000) 
| | PODIR I/O mode selection 
0 Input mode 
1 Output mode 
Port 0 direction control register (PODIR : x'03F30', R/W) 
7 6 2 1 0 
POPLU rows] POPLU2 |POPLU1 |POPLUO| ( At reset :-0--- 000) 
































POPLU 





Pull-up resistor selection 





0 


No pull-up resistor 








1 





Pull-up resistor 





Port 0 pull-up resistor control register (POPLU : x'03F40', R/W) 


Figure 4-2-1 


Port 0 Registers (1/2) 


Port 0 IV-7 
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7 6 


4 3 2 1 0 








SCOODC | SCoFDC1}SCOFDCO 


IV -8 








-  |SCOODC2)SCOODC1|SCOODCO 























(At reset:00---000) 





SCOODCO 


POO N ch open drain control 





0 


Push-pull 





1 


N ch open drain 














SCOODC1 


P01 N ch open drain control 





0 


Push-pull 





1 


N ch open drain 














SCOODC2 


P02 N ch open drain control 





0 


Push-pull 








1 





N ch open drain 











Port 0 


SCOFDC1 


SCOFDCO 


SBOO output selection after 
last data is transferred 








= 


Fix to "1"(High)output 





Fix to "O"(Low)output 














Last data retaining 





Figure 4-2-2 Port 0 Registers (2/2) 








4-2-3 


SCOODC register 
SCOODCO flag 


Pull-up resistor control 


/O direction control 


Port output data 


Port input data 


Serial interface 0 reception data input 


Serial interface 0 transmission data output/ 
UARTO transmission data output 


SCOMD1 register 
SCOSBOS flag 


Block Diagram 
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N\\-\ 















































Data bus 





















































vise 
R_| POPLUO | 
6 DQ ay De | Ee 
Write —jCK Read 
Rese 
. 5] PODIRO = a 
Write —{CK XZ Read a ye 
* _POOUTO M | — 
Write —{CK YZ Read . ak 
A 
Shumitt trigger input 
, POINO umitt trigger inpu 
N 
Read 




















Figure 4-2-3 Block diagram (P00) 











































































































SCOODC register 
SCOODCIflag 
[\. dria 
R_| POPLU1 
Pull-up resistor control + DQ + > —_ 
Write Ick \A- Read aa 
erie 
R | PODIR1 Ly 
\/O direction control + DQ + * Jo |» 
3 Write Ck \F Read 
-——__e+—_ 
g VY 
(a) 
POOUT1 si ) P 
Port output data * D ry * 4 
Write —7CK \A- Read T/T 
Shumitt trigger input 
POIN1 
Port input data N 
re Read 








Serial interface 0 reception data input 
/UART 0 reception data input 


Figure 4-2-4 Block diagram (P01) 


Port 0 
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SCOODC register 














\WN-\ 





























































































































































































































SCOODC2 flag 
ae Rese 
R | POPLU2 | 
B ii * DQ + a 
Pull-up resistor control [> |= 
Write —\ck \A Read 
Rese’ 
R | PODIR2 J fee’ 
V/O direction control ? DQ ? t p ~ 
Write —Ick \A Read 
Vy +1 1x Poe 
2) 
2 pened 
3 POOUT2 M — Ty B 
Port output data | @ * DQ ' U +. q |__| 
= Write CK \A Read 
rite —4 ea 
x 7/7 
Shumitt trigger input 
| POIN2 
Port input data | 
Read 
Serial interface 0 clock input/ 
Serial interface 0 clock interrupt 
Serial interface 0 clock output 
SCOMD1 register 
SCOSBTS flag 
Figure 4-2-5 Block diagram (P02) 
\O Reset S 
| 
R 
Pull-up resistor control DQ POPLU6 > | | 
Write —Ick \FA- Read 
Hese| 
oo r_| PODIR6 a 
VO direction control DQ ° ° | »— Loe 
Write —Ick \A Read 
Vv +>——_+—_ P06 
P T M 7 = 
Port output data DQ 00U 6 " } al 
Write Ck \ A Read 
g xX 7/7 
a 
isi 
8 A 
Shumitt trigger input 
POING | 
Port input data | 
Read 











Buzzer output 


DLYCTR register bp7 
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Figure 4-2-6 Block diagram (P06) 
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4-3 Port 1 


4-3-1 Description 


™General Port Setup 

Each bit of the port 1 control I/O direction register (P1DIR) can be set individually to set pins as input or 
output. The control flag of the port 1 direction control register (P1DIR) should be set to "1" for output 
mode, and "0" for input mode. 


To read input data of pin, set the control flag of the port 1 direction control register (P1DIR) to "0" and 
read the value of the port 1 input register (P1IN). 


To output data to pin, set the control flag of the port 1 direction control register (P1DIR) to "1" and write 
the value of the port 1 output register (P1OUT). 


Each pin can be set individually if pull-up resistor is added or not, by the port 1 pull-up resistor control 
register (P1PLU). Set the control flag of the port 1 pull-up resistor control register (P1PLU) to "1" to add 
pull-up resistor. 


Special Function Pin Setup 

P12 to P14 are used as timer I/O pin, as well. P10 is used as remote control carrier output pin or PWM 
output pin of timer 7, as well. P11 is used as output pin of timer 7. The port 1 output mode register 
(P1OMD) can select P10 to P14, P16 output mode by each bit. When the port 1 output mode register 
(P1OMD) is "1", special function data is output, and when it is "0", they are used as general port. 
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P10UT 


P1IN 


P1DIR 


P1PLU 
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Registers 


4 


3 


2 


{ 


0 














P10QUT4 





P1OUT3 





P1OUT2 





P10UT1 Prouro 
































Port 1 output register (P1OUT : x'03F11', R/W) 


4 


3 


2 


{ 














P1IN4 





P1IN3 





P1IN2 





P1IN1 





P1INO 








Port 1 input register (P1IN : x'03F21', R) 





4 


3 








2 


1 


0 














P1DIR4 





P1DIR3 





P1DIR2 





P1DIR1 





P1DIRO 








Port 1 direction control register (P1DIR : x'03F31', R/W) 





4 


3 























2 


1 


0 














PiPLU4 





P1PLU3 





P1PLU2 





P1PLU1 





P1PLUO 

















(Atreset:- - -XXXX0) 
P10OUT Output data 
0 Low (Vss level) 
1 High (VDD level) 
(Atreset:- - - XXXXX) 
P1IN Input data 
0 Pin is low(Vss level). 
1 Pin is high(VbD level). 
(Atreset:- - - 00000) 
P1DIR I/O mode selection 
0 Input mode 
1 Output mode 











(Atreset:- - - 00000) 








P1PLU 


Pull-up resistor selection 





0 


No pull-up resistor 





1 








Pull-up resistor 





Port 1 pull-up resistor control register (P1PLU : x'03F41', R/W) 


Port | 


Figure 4-3-1 


Port 1 Registers (1/2) 














P1OMD 


5 4 


3 














—  |P1OMD4 








P1OMD3 





P10 


D2 





P10 


D1|P10 


DO 
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(Atreset:- 0 - 00000) 







































































P1OMDO V/O port, timer 0 output selection 
0 I/O port 
Timer 0 output 
P10OMD1 V/O port, timer 1 output selection 
0 I/O port 
Timer 1 output 
P1OMD2 V/O port, timer 2 output selection 
0 I/O port 
Timer 2 output 
P1OMD3 V/O port, timer 3 output selection 
0 I/O port 
Timer 3 output 
P1OMD4 V/O port, timer 7 output selection 
0 I/O port 
Timer 7 output 











Port 1 output mode register (P1OMD : x'03F2F', R/W) 


Figure 4-3-2 Port 1 Registers (2/2) 
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4-3-3 


Pull-up resistor control 


1/O direction control 


Port output data 


Output mode control 


Port input data 


Timer output 
/ Remote control carrier output 


Pull-up resistor control 


1/0 direction control 


Port output data 


Output mode control 


Port input data 





Data bus 


Block Diagram 


Reset 


R | P1PLUO 








Write —jCK 


DQ 
\ FA Read 








Reset 





P1DIRO 


DQ 


y 











Write —jCK 


\ FA Read 











P10QUTO 


DQ + 





























Write —jCK 


\F Read 











Rese 
it 


R | P1OMDO 





<xce 


| _» 





Write —jCK 





DQ 





\F Read 











__P1INO 

















Shumitt trigger input 
| 














Read 








Figure 4-3-3 Block Diagram (P10) 


Rese 
| 





P1PLU1 


R 
DQ 





Write —jCK 


\ ZA Read 








Rese’ 














Write —4CK 





R_| P1DIR1 


DQ 
\F Read 











P10UT1 


DQ + 



































Data bus 


Write —4CK 





\F Read 








nese 
R | P41 OMD1 





—w~|< Cz 








Write —jCK 





DQ 
\F Read 

















__PAIN4 








Shumitt trigger input 
| 














Read 








Timer 7 output 
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Figure 4-3-5 Block Diagram (P11) 


Pull-up resistor control 


/O direction control 


Port output data 


Output mode control 


Port input data 


Timer input 


Timer output 
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rela 


























Figure 4-3-5 Block Diagram (P12 to P14) 


rx Rese 
| 
2 A P1 PLU2 to 4 Pe 
Write —Jck \A Read 
ness 
4 
g na P1 DIR2 to P [> - 
Write CK \A Read Vv 
g M L ee 
‘ : 5 _PIOUT2 to 4 : _) 
= Write [ck \E Read 
Xx 7/7 
ese 
R | P1OMD2 to 4 
+ DQ ° 
Write —Ick \- Read 
Shumitt trigger input 
__P1IN2 to 4 
| 
“\ J Read 


Port 1 
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4-4 Port 2 


4-4-1 Description 


™General Port Setup 
Port 2 is input port, except P27. To read input data of pin, read out the value of the port 2 input register 
(P2IN). 


P27 is reset pin. When the software is reset, write the bp7 of the port 2 output register (P2OUT) to "0". 
The port 2 pull-up resistor control register (P2PLU) can select if port 2 is added pull-up resistor or not, by 
each bit. When the control flag of the port 2 pull-up resistor control register (P2PLU) is set to "1", pull-up 


resistor is added. P27 is always added pull-up resistor. 


@Special Function Pin Setup 
P20, P22 to P23 are used as external interrupt pins, as well. 


P21 is used as an input pin for external interrupt and AC zero-cross. To read data of AC zero-cross, set 


the bp7 of the noise filter control register (NFCTR) to "1" and read the value of the port 2 input register 
(P2IN). 


IV-16  Port2 


4-4-2 


P2OUT 


P2IN 


P2PLU 



































Chapter 4 I/O Ports 





















































(Atreset:1------- ) 
P2OUT Output data 
0 Low (Vss level) 
i High (Vpp level) 
































(Atreset:1- - - XXXX) 
P2IN Input data 
0 Pin is Low (Vss level). 
1 Pin is High (VDD level). 





(Atreset:- - - - 


Registers 
7 3 2 1 0 
P20UT7 
Port 2 output register(P2OUT : x'03F12', R/W) 
7 3 2 1 0 
P2IN7 P2IN3 | P2IN2 | P2iNt | P2INO 
Port 2 input register(P2IN : x'03F22’, R) 
7 3 2 1 0 
P2PLUS | P2PLU2 | P2PLUt pepuuo 





























Figure 4-4-1 


ES 


0000) 





P2PLU 


Pull-up resistor selection 





0 


No pull-up resistor 





1 





Pull-up resistor 











Port 2 Registers 


Port 2 pull-up resistor control register(P2PLU : x'03F42', R/W) 
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4-4-3. Block Diagram 




































































































































































R 
PpXex a 
Pull-up resistor control bio peewee p> | = 
Write ck /-— Read 
g > [X]P20,P22,P23 
Port input data ‘ P2INO0,2,3 | 
~ J Read Schmitt trigger input 
External interrupt 
Figure 4-4-2. Block Diagram (P20, P22, P23) 
; S 
rs - P2PL 
Pull-up resistor control pa 2 ut [>e ! L- 
Write —jCK /-— Read 
2 
£ 
[i 
a »—|<] Pat 
M 1 AC zer0-cross 
P2IN1 detection circuit 
Port input data | U 0 
a ae xX < 
Schmitt trigger input 
NFCTR register bp7 
AC zero-cross input 
External intrerrupt 
Figure 4-4-3 Block Diagram (P21) 
Be 
3) P2OUT7 
Port output data DQ + | al 
3 Write —[CK 
g \ A Read 717 
a +—}X] P27 
Port input data ‘ Bee <<] <] 
Read Schmitt trigger input 
ee, 


Reset 


IV-18  Port2 





Figure 4-4-4 Block Diagram (P27) 
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4-5 Port 6 


4-5-1 Description 


™General port Setup 

Each bit of the port 6 control I/O direction register (P6DIR) can be set individually to set pins as input or 
output. The control flag of the port 6 direction control register (PEDIR) is set to "1" for output mode, and 
"0" for input mode. 


To read input data of pin, set the control flag of the port 6 direction control register (P6DIR) to "0" and 
read the value of the port 6 input register (P6IN). 


To output data to pin, set the control flag of the port 6 direction control register (P6DIR) to "1" and write 
the value of the port 6 output register (P6OUT). 


Each pin can be set individually if pull-up resistor is added or not, by the port 6 pull-up resistor control 
register (P6PLU). Set the control flag of the port 6 pull-up resistor control register (P6PLU) to "1" to add 
pull-up resistor. 


@Special Function Pin Setup 
P60 to P67 are used as input pins of key interrupt, as well. 





© 
Gd Key input pins should be set to pull-up in advance. 











© Write "0" (falling edge) to the REDG flag of the external interrupt 3 control register (IRQ3ICR) 
when key interrupt is used. 
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P6OUT 


P6IN 


P6DIR 


P6PLU 




































































































































































Registers 
7 6 5 4 3 2 1 0 
P6OUT7 | P6OUT6 | PEOUTS | PEOUT4 | PEOUT3 | PEOUT2 | PEOUT1 |P60UT0| ( Atreset: XX XXXXXX) 
P6OUT Output data 
0 Low (Vss level) 
1 High (VDp level) 
Port 6 output register (P6OUT : x'03F16', R/W) 
7 6 5 4 3 2 1 0 
P6IN7 | P6IN6 | P6INS | P6IN4 | P6IN3 | P6IN2 | P6IN1 | P6INO | (Atreset:XXXXXXXX) 
P6IN Input data 
0 Pin is Low (Vss level). 
1 Pin is High (Vpp level). 
Port 6 intput register (P6IN : x'03F26', R) 
7 6 5 4 3 2 1 0 
P6DIR7 | P6DIR6 | P6DIRS | P6DIR4 | P6DIR3 | P6DIR2 | P6EDIR1 | PEDIRO | ( Atreset:00000000) 
P6DIR I/O mode selection 
0 Input mode 
1 Output mode 
Port 6 direction control register (P6DIR : x'03F36', R/W) 
7 6 5 4 3 2 1 0 
P6PLU7 | P6PLUG | P6PLUS | P6PLU4 | P6PLUS | P6PLU2 | PEPLU1 |P6PLUO | ( At reset :00000000) 
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P6PLU 


Pull-up resistor selection 





0 


No pull-up resistor 





1 








Pull-up resistor 





Port 6 pull-up resistor control register (P6PLU : x'03F46', R/W) 


Figure 4-5-1 


Port 6 Registers 














Chapter 4 I/O Ports 


4-5-3. Block Diagram 


































































































Rese 2 
ae f 
Pull-up resistor control Ba P6P UO to7 [> | [- 
Write —Ick \A Read 
Reset 
| 
R_] P6DIRO to 7 — 
V/O direction control ° Da . » | »— kee 
Write —Jck \A Read — 
af —+— P60 to P67 
g 
a 
© ——F>) 
Port output data | & ° DQ P6OUTO to7 J J 
Write Ick \A Read 
7/7 
Shumitt trigger input 
. P6INO to 7 adie 
Port input data 
Read 
| 








Address output 


Figure 4-5-2 Block Diagram (P60 to P67) 
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4-6 Port7 
4-6-1 Description 


™General Port Setup 

Each bit of the port 7 control I/O direction register (P7DIR) can be set individually to set pins as input or 
output. The control flag of the port 5 direction control register (P7DIR) is set to "1" for output mode, and 
"0" for input mode. 


To read input data of pin, set the control flag of the port 7 direction control register (P7DIR) to "0" and 
read the value of the port 7 input register (P7IN). 


To output data to pin, set the control flag of the port 7 direction control register (P7DIR) to "1" and write 
the value of the port 7 output register (P7OUT). 


Each pin can be set individually if pull-up / pull-down resistor is added or not, by the port 7 pull-up / pull- 
down resistor control register (P7PLUD). Set the control flag of the port 7 pull-up / pull-down resistor 
control register (P7PLUD) to "1" to add pull-up or pull-down resistor. The pull-up / pull-down resistor 
selection register (FLOAT) select if pull-up resistor or pull-down resistor is added. The bp4 of the pull-up 
/ pull-down resistor control register (FLOAT) is set to "1" for pull-down resistor, set to "0" for pull-up 
resistor. 
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4-6-2 Registers 


7 6 5 4 3 2 1 0 











P7OUT - - - - - - Jprour P7OUT0| (Atreset:- - - - - 
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aia 


Output data 
































































































































0 Low (Vss level) 
1 High (Vpp level) 
Port 7 output register (P7OUT : x'03F17', R/W) 
7 6 5 4 3 2 1 0 
P7IN - - - : - | - P7IN1 | P7INO | (Atreset:- - - - - - XX) 
P7IN Input data 
0 Pin is Low (Vss level). 
1 Pin is High (VDD level). 
Port 7 input register (P7IN : x'03F27’', R) 
7 6 5 4 3 2 1 0 
P7DIR - - - - - - |P7DIR1|P7DIRO} (Atreset:- - - -- - 00) 
P7DIR I/O mode selection 
0 Input mode 
1 Output mode 
Port 7 direction control register (P7DIR : x'03F37', R/W) 
7 6 5 4 3 2 1 0 
P7PLUD - 7 - : - - P7PLUD1 Preuon (Atreset:- - - - - - 00) 


























a eee eee 


Pull-up (or Pull-down) 
resistor selection 





0 


No pull-up (or pull-down) resistor 








1 








Pull-up (or Pull-down) resistor 





Port 7 pull-up / pull-down resistor control register (P7PLUD : x'03F47', R/W) 


Figure 4-6-1 Port 7 Registers (1/2) 
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6 5 





FLOAT — 








PARDWN) — 





P7R 
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DWN (At reset: -0-0----) 











P7RDWN 


P7 Pull-up (or Pull-down) 
resistor selection 





0 


Pull-up resistor 





1 


Pull-down resistor 











Pull-up/pull-down resistor selection, pin control resister (FLOAT : X'03F2E', R/W) 


PARDWN 


PA Pull-up (or Pull-down) 
resistor selection 





0 


Pull-up resistor 





1 








Pull-down resistor 





Figure 4-6-2 Port 7 Registers (2/2) 





4-6-3. Block Diagram 


Pull-up / Pull-down resistor control 


Pull-up / Pull-down resistor selection 


V/O direction control 


Port output data 


Port input data 





Data bus 


Reset 
| 


R 
° DQ 





P7PLUDO to7 











Write —Ick \ A Read 








Rese 


R_| FLOAT(bp4) 








Write —\ck \ A Read 








Reset 
| 
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R_| P7DIRO to 7 
+ DQ + 











Write —Jck \F Read 

















DQ 


P7OUT0 to 7 ne 














Write CK \ A Read 























Shumitt trigger input 
|_P7INO to 7 















































N J 


Figure 4-6-3 Block Diagram (P70 to P77) 


Port 7 
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P70 to P77 


Chapter 4 I/O Ports 


4-7 Port 8 


4-7-1 Description 


™General Port Setup 

Each bit of the port 8 control I/O direction register (P8DIR) can be set individually to set each pin as input 
or output. The control flag of the port 8 direction control register (P8DIR) is set to "1" for output mode, and 
"0" for input mode. 


To read input data of pin, set the control flag of the port 8 direction control register (P8DIR) to "0" and 
read the value of the port 8 input register (P8IN). 


To output data to pin, set the control flag of the port 8 direction control register (P8DIR) to "1" and write 
the value of the port 8 output register (P8OUT). 


Each pin can be set individually if pull-up resistor is added or not, by the port 8 pull-up resistor control 
register (P8PLU). Set the control flag of the port 8 pull-up resistor control register (P8PLU) to "1" to add 


pull-up resistor. 


Special Function Pin Setup 
P80 to P87 are used as LED driving pins, as well. 
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Low (Vss level) 











High (VbD level) 















































Pin is Low (Vss level). 











Pin is High (VpD level). 


















































1/0 mode selection 














Output mode 












































Pull-up resistor selection 





4-7-2 Registers 
7 6 5 4 3 2 1 0 
P8OUT __|P80UT7 | P8OUTE | P8OUTS | P8OUT4 | P8OUT3 | PSOUT2 |P8OUT1 |P8OUTO| (Atreset: XXX XXXXX) 
P80UT Output data 
0 
1 
Port 8 output register (P8OUT : x'03F18', R/W) 
7 6 5 4 3 2 1 0 
P8IN PBIN7 | P8IN6 | PSINS | P8IN4 | P8IN3 | P8IN2 | P8INi | P8INO | (Atreset: XXXXXXXX) 
P8IN Input data 
0 
1 
Port 8 input register (P8IN : x'03F28', R) 
7 6 5 4 3 2 1 0 
P8DIR P8DIR7 | P8DIR6 | P8DIRS | P8DIR4 | P8DIR3 | P8DIR2 | P8DIR1 | P8DIRO | ( At reset:00000000) 
P8DIR 
0 Input mode 
1 
Port 8 direction control register (P8DIR : x'03F38', R/W) 
7 6 5 4 3 2 1 0 
P8PLU | P8PLU7 | P8PLU6 | P8PLUS | P8PLU4 | P8PLUS | P8PLU2 | P8PLU1 /P8PLUO| (At reset:00000000) 
P8PLU 
0 


No pull-up resistor 





1 








Pull-up resistor 











Port 8 pull-up resistor control register (P8PLU : x'03F48', R/W) 


Figure 4-7-1 Port 8 Registers 
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4-7-3. Block Diagram 
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Figure 4-7-2 Block Diagram (P80 to P87) 
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4-8 Port A 


4-8-1 Description 


™General Port Setup 

Port A direction control register (PADIR) controls I/O direction of each bit. When "1" is set to the control 
flag of port A direction control register (PADIR), output mode is set, and when "0" is set to there, input 
mode is set. 


To read input data of pin, set "0" to the control flag of the port A direction control register (PADIR) and 
read out the value of port A output register (PAOUT). 


To output data to pin, set "1" to the control flag of the port A direction control register (PADIR) and write 
data to port A output register (PAOUT). 


Each bit can be set individually if pull-up / pull-down resistor is added or not, by the port A pull-up / pull- 
down resistor control register (PAPLUD). Set the control flag of the port A pull-up / pull-down resistor 
control register (PAPLUD) to "1" to add pull-up or pull-down resistor. The pull-up / pull-down resistor 
selection register (FLOAT) select if pull-up resistor or pull-down resistor is added. The bp6 of the pull-up 
/ pull-down resistor control register (FLOAT) is set to "1" for pull-down resistor, set to "0" for pull-up 
resistor. 


Either push-pull output or Nch open drain output can be selected with the port A output mode control 
register (PAODC). 


@Special Function Pin Setup 

PAO to PA? are used as input pins for analog. Each bit can be set individually as an input by the port A 
input mode register (PAIMD). When they are used as analog input pins, set the port A input mode 
register (PAIMD) to "1". Then, the value of the port A input register (PAIN) is read out "1". 





| By setting the control flag of the PAIMD register to "1", the through current is not occurred 
7 when input voltage is at intermediate level. 
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4-8-2 Registers 
7 6 5 4 3 2 1 0 
PAOUT _ |PAOUT? |PAOUTG |PAOUTS |PAOUT4 |PAOUT3|PAOUT2|PAOUT! |PAOUTO| + —-( At reset: XXX XXXXX ) 
PAOUT Output data 
0 Output L level(Vss level) 








1 





Output H level(VDD level) 





PortA output register (PAOUT : X'03F1A’', R/W) 


























































































































































































































7 6 5 4 3 2 1 0 
PAIN PAIN7 | PAING | PAINS | PAIN4 | PAIN3 | PAIN2 | PAIN1 | PAINO (At reset: XX XXXXXX ) 
PAIN Input data 
0 Pin is Low (Vss level). 
1 Pin is High (VDD level). 
PortA input register (PAIN : X'03F2A’, R) 
7 6 5 4 3 2 1 0 
PADIR | PADIR7 | PADIR6 | PADIRS | PADIR | PADIRS | PADIR2 | PADIR1 | PADIRO (At reset :00000000) 
PADIR I/O mode selection 
0 Inout mode 
1 Output mode 
PortA direction control register (P6DIR : X'03F3F', R/W) 
£ 6 5 4 3 2 1 0 
PAIMD _ |PAIMD7 | PAIMD6 | PAIMDS | PAIMD4 | PAIMD3 | PAIMD2 | PAIMD1 | PAIMDO ( At reset :00000000) 
PAIMD VO port, analog n input pin 
selection 
0 I/O port 
1 Analog n input pin 
PortA input control register (PAIMD : X'03F3A’, R/W) 
7 6 5 4 3 2 1 0 
PAODC _ |PAODC7 Paooos|padocs PAODC4 | PAODCS | PAODC2 | PAODC1 | PAODCO (At reset:00000000) 
PAODC Nch open drain selection 
0 Push-pull 
1 Nch open drain 














PortA output mode control register (PAODC : X'03F4F', R/W) 
Figure 4-8-1 Port A Registers (1/2) 
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PAPLUD 


FLOAT 
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(Atreset:00000000) 








PAPLUD 


Pull-up (or Pull-down) 
resistor selection 





0 


No pull-up (or pull-down) resistor 














Pull-up (or Pull-down) resistor 





PortA pull-up/pull-down resistor control resister (PAPLUD : X'03F4A', R/W) 





7 6 5 4 3 2 1 0 
PAPLUD?|PAPLUD6)PAPLUD5|PAPLUD4 Paros pape PAPLUD1 parvo 
7 6 5 4 3 2 1 0 

—  |PARDWN| — _ |P7RDWN 



































(At reset: -0-0----) 
































P7RDWN | P7Pull-up (or Pull-down) 
resistor selection 
0 Pull-up resistor 
1 Pull-down resistor 
PA Pull-up (or Pull-down 
Pens resistor Hie ae 
0 Pull-up resistor 
1 Pull-down resistor 











Pull-up/pull-down resistor selection, pin control resister (FLOAT : X'03F2E’', R/W) 


Figure 4-8-2 Port A Registers (2/2) 
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4-8-3 


Nch open drain control 


Pull-up / Pull-down resistor control 
Pull-up / Pull-down resistor selection 


(FLOAT register bp6) 


V/O direction control 


Port output data 


Port input data 


Input mode control 


Analog input 
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Data bus 


Block Diagram 


ris 


R 
+ DQ 





PAODCO to 7 





Write —Ick \F- Read 








agit 
R_| PAPLUDO to 7 


* DQ 








Write —Jck \FA Read 








Reset 
| 





+ DQ 











Write —Ck \ A Read 








Reset 
| 





PADIRO to 7 


R 
DQ + 


R_] FLOAT(bp6) se 





TF Lapa 

















Write —jCK \F- Read 














i PAOUTO to 7 














Write —CK \ A Read 








Read 


















































| | PAINO to 7 


Reset 


R_| PAIMDO to 7 
Da 




















Write —jCK Read 


























Figure 4-8-3 Block Diagram (PAO to PA7) 


PAO to PA7 
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4-9 Port C 


4-9-1 Description 


™General Port Setup 

Each bit of the port C control I/O direction register (PCDIR) can be set individually to set pins as input or 
output. The control flag of the port C direction control register (PCDIR) is set to "1" for output mode, and 
"0" for input mode. 


To read input data of pin, set the control flag of the port C direction control register (PCDIR) to "0" and 
read the value of the port C input register (PCIN). 


To output data to pin, set the control flag of the port C direction control register (PCDIR) to "1" and write 
the value of the port C output register (PCOUT). 


Each pin can be set individually if pull-up resistor is added or not, by the port C pull-up resistor control 


register (PCPLU). Set the control flag of the port C pull-up resistor control register (PCPLU) to "1" to add 
pull-up resistor. 
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4-9-2 Registers 
7 6 5 4 3 2 1 0 
PCOUT PcouTO| (Atreset:- - ----- X) 
PCOUT Output data 
0 Low (Vss level) 
1 High (VbD level) 
Port C output register (PCOUT : x'03F1C’', R/W) 
7 6 5 4 3 2 1 0 
PCIN PCINO | (Atreset:- - - - - - - xX) 
—<—<—+ PCIN Input data 
0 Pin is Low (Vss level). 
1 Pin is High (VDD level). 
Port C input register (PCIN : x'03F2C’, R) 
7 6 5 4 3 2 1 0 
PCDIR PCDIRO| (Atreset:- - - -- - - 0) 
———4| PCDIR I/O mode selection 
0 Input mode 
1 Output mode 
Port C direction control register (PCDIR : x'03F3C', R/W) 
7 6 5 4 3 2 1 0 
PCPLU PCPLUO| (Atreset:- - - - - - - 0) 
PCPLU Pull-up resistor selection 
0 No pull-up resistor 
1 Pull-up resistor 











Port C pull-up resistor control resister (PCPLU : x'03F4C’', R/W) 


Figure 4-9-1 Port C Registers 
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4-9-3. Block Diagram 


Pull-up resistor control 


1/0 direction control 


Port output data 


Port input data 








Chapter 4 I/O Ports 





































































































Figure 4-9-2 Block Diagram (PCO to PC3) 
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Chapter 5 Prescaler 


5-1 Overview 


This LSI has 2 prescalers that can be used by its peripheral functions at the same time. Each of them 
count with fosc or fs as a base clock. Its hardware is constructed as follows ; 


Prescaler 0 (fosc count) 7 bits prescaler 
Prescaler 1 (fs count) 3 bits prescaler 


Prescaler 0 outputs fosc/2, fosc/4, fosc/16, fosc/32, fosc/64, fosc/128 as cycle clock. Prescaler 1 outputs 
fs/2, fs/4, fs/8 as cycle clock. Prescaler is used when cycle clock based fosc and fs is used on the 
following peripheral functions ; 


External interrupt 0 interface (with noise filter) 
External interrupt 1 interface (with noise filter) 

Timer 2 (8-bit timer counter) 

Timer 3 (8-bit timer counter) 

Serial interface 0 (Clock synchronous / Duplex UART) 


About fosc, fs, refer to chapter 2. 2-5 Clock Switching [p.1I-23]. 


V-2 Overview 


5-1-1 


Peripheral Functions 


Chapter 5 Prescaler 


Table 5-1-1 shows several kinds of clock source that can be selected by each peripheral functions from 


prescaler output. 


Table 5-1-1 


Peripheral Functions Used with Prescaler Output 





Clock source 


Peripheral functions 



































ee lec 
fosc/2 - - - - V 
fosc/4 - - V V V 
fosc/16 - - V V V 
fosc/32 - - V - - 
fosc/64 - - V V V 
fosc/128 V V - V - 
fs/2 - - v v v 
fs/4 - - v - V 
fs/8 - - - V - 
Timer 2 output - - - - V 








Timer 3 output 
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5-1-2. Block Diagram 






7bits Prescaler 
fosc —Q ck PSCO 


QO 
3bits Prescaler S 
ck PSC1 





TM2BAS 
TM2PSCO 
TM2PSC1 


<xCcz 


| TM3BAS | i 
| TM3PSCO | II! 


TM3PSC1 


<xCcz 





SCOCKS 


bpd 


ea asl 
| — 
Timer2 Out Ht U Serial interface 0 


Timer3 Ou 





fosc/128 
fosc/64 
fosc/32 
fosc/16 
fosc/8 
fosc/4 
fosc/2 
fs/8 
fs/4 
fs/2 


Figure 5-1-1 Prescaler Block Diagram 
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5-2 Control Register 


5-2-1 Registers List 


Table 5-2-1 shows registers to control prescaler. 


Table 5-2-1 Prescaler Control Registers 
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Register Address R/iW Function Page 

PSCMD xX'03F6F' R/W |Prescaler control register V-6 

CK2MD X'03F5E' R/W | Timer 2 prescaler selection register V-7 

CK3MD X'03F5F' R/W | Timer 3 prescaler selection register V-7 

SCOCKS X'03F97' RWW |Serial interface 0 transfer clock selection register V-8 
R/W : Readable/Writable 


Control Registers V-5 
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5-2-2 Control Registers 


Registers that select prescaler outputs cycle clock and prescaler operation control, consists of the 
prescaler control register (PSCMD), the timer prescaler selection register (CKnMD) and the serial trans- 
fer clock selection register (SCnCKS). 


The prescaler control register controls if counting of prescaler is permitted or not. 


m™Prescaler Control Register (PSCMD) 








PSCMD PSCEN ( At reset : - - ----- 0 ) 












































PSCEN Prescaler 0, 1 count control 
0 Disable the count 
1 Enable the count 














Figure 5-2-1 Prescaler Control Register (PSCMD : x'03F6F', R/W) 
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The timer prescaler selection register selects the count clock that used in 8-bit timer. 


Timer 2 Prescaler Selection Register (CK2MD) 


CK2MD 


7 6 5 4 3 2 1 0 








TM2PSC1 | TM2PSC0) TM2BAS 


























( At reset : - - - - - XXX ) 















































TM2PSC1/TM2PSCO| TM2BAS |Clock source selection 
0 fosc/4 
1 ; fosc/16 
0 fosc/32 
; 1 fosc/64 
; 0 F fs/2 
1 fs/4 








Figure 5-2-2 Timer 2 Prescaler Selection Register (CK2MD : x'03F5E’, R/W) 


Timer 3 prescaler selection register (CK3MD) 


CK3MD 


7 6 5 4 3 2 1 0 








TM3PSC1 | TM3PSCO} TM3BAS 





























( At reset : - - - - - XXX ) 















































TM3PSC1|TM3PSCO} TM3BAS | Clock source selection 
0 fosc/4 
v 1 0 fosc/16 
0 fosc/64 
u 1 fosc/128 
; 0 ; fs/2 
1 fs/8 





Figure 5-2-3 Timer 3 Prescaler Selection Register (CK3MD : x'03F5F', R/W) 
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The serial interface transfer clock selection register (SCnCKS) selects the transfer clock used for serial 
data transfer. 


Serial Interface 0 Transfer Clock Selection Register (SCOCKS) 


7 6 5 4 3 2 1 0 





SCOCKS SCOTMSEL| SCOPSC2 | SCOPSC1 | SCOPSCO (At reset :----XXXX ) 



































Clock source 
selection 





ISCOTMSEL| SCOPSC2 | SCOPSC1 | SCOPSCO 





fosc/2 
fosc/4 
fosc/16 
fosc/64 
fs/2 
fs/4 
0 - Timer 2 output 
1 - Timer 3 output 

















-=lol/a}lo|alo 
































Figure 5-2-4 Serial Interface 0 Transfer Clock Selection Register (SCOCKS : x'03F97’', R/W) 
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5-3 Operation 


5-3-1 Operation 


mPrescaler Operation (Prescaler 0 to 1) 
Prescaler 0 is a 7-bit and prescaler 1 is a 3-bit free-running counter that divides the base clock. This 
prescaler can be started or stopped by the PSCEN flag of the prescaler control register (PSCMD). 


mCount Timing of Prescaler Operation (Prescalers 0 and 1) 
Prescaler 0 counts up at the falling edge of fosc. 
Prescaler 1 counts up at the falling edge of fs. 


Peripheral Functions with Prescaler Output Cycle Clock 
Table 5-3-1 shows the prescaler output clock source that the peripheral functions can be used, and the 
registers that control the clock source selection. 


Table 5-3-1 Peripheral Functions Used with Prescaler Output Cycle Clock 






































Peripheral functions Control register 
External interrupt 0 Noise filter sampling clock = 
External interrupt 1 Noise filter sampling clock ei 
Timer 2 Count clock CK2MD 
Timer 3 Count clock CK3MD 
Serial 0 Transfer clock SCOCKS 
C When the prescaler output clock source is used, counting of prescaler should be enabled 
7 before starting the peripheral functions. 
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5-3-2 Setup Example 


mPrescaler Setup Example (Timer 2 count clock) 
Select the clock of fosc/16 that is output from the prescaler 0, to the count clock of the timer 2. 
An example setup procedure , with a description of each step is shown below. 








Setup Procedure Description 
(1) Select the prescaler output. (1) Select the prescaler output to fosc/16 by the 
CK2MD (x'3F5E’') TM2PSC1-0, TM2BAS flag of the timer 2 
bp2-1 : TM2PSC1-0 = 01 prescaler selection register (CK2MD). 
bpd :TM2BAS =0 
(2) Enable the prescaler output. (2) Enable the prescaler counting by setting the 
PSCMD (x'3F6F') PSCEN flag of the prescaler control register 
bpo : PSCEN = 1 (PSCMD) to "1". 














Enable the prescaler counting by the PSCEN flag of the prescaler control register (PSCMD). The 
prescaler counting is started after it is enabled. 

Start the timer operation after the prescaler is set. Also, the selection of the prescaler output should 
be set by the timer mode register. 
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Chapter 6 8-bit Timers 


6-1 Overview 


This LSI contains two 8-bit timers (Timers 2 and 3) that can be also used as baud rate timer. Timers 2 
and 3 can be used as 16-bit timers with cascade connection. 


Fosc or fs can be selected as the clock source for each timer by using the prescaler. Also, remote control 
output circuit is built in. 


6-1-1 Functions 


Table 6-1-1 shows functions of each timer. 


Table 6-1-1 Timer Functions 















































Timer 2 Timer 3 
(8 bit) (8 bit) 
Interrupt source TM2IRQ TM3IRQ 
Timer operation V V 
Event count V V 
Timer pulse output V V 
PWM output V = 
Serial transfer clock output V V 
Pulse width measurement V 7 
Cascade connection V 
Remote control carrier 7 my 
output 
fosc fosc 
fosc/4 fosc/4 
fosc/16 fosc/16 
fosc/32 fosc/64 
Clock source fosc/64 fosc/128 
fs/2 fs/2 
fs/4 fs/8 
f fx 
TM2I0 input TMSIO input 
fosc : Machine clock (High speed oscillation ) 
fx : Machine clock (Low speed oscillation ) 
fs : System clock [€ Chapter 2 2-5 Clock Switching ] 
- When timers 2 and 4 are used as a baud rate timer for serial interface | 
function, it is not used as a general timer. 








VI-2 Overview 


Chapter 6 8-bit Timers 


Block Diagram 


6-1-2 


Timers 2 and 3 Block Diagram 
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Timers 2 and 3 Block Diagram 


Figure 6-1-1 
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mRemote Control Carrier Output Block Diagram 
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Figure 6-1-2 Remote Conirol Carrier Output Block Diagram 
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6-2 Control Registers 


Timers 2 and 3 consist of the binary counter (TMnBC) and the compare register (TMnOC). And they are 
controlled by the mode register (TMnMD). 

When the prescaler output is selected as the count clock source of timers 2 and 3, they should be 
controlled by the prescaler control register (PSCMD) and the prescaler selection register (CKnMD). 
Remote control carrier output is controlled by the remote control carrier output control register (RMCTR). 


6-2-1 Registers 


Table 6-2-1 shows registers that control timers 2 and 3 and remote control carrier output 


Table 6-2-1 8-bit Timer Control Registers 
























































Register Address R/W Function Page 

TM2BC x'03F58' R= | Timer 2 binary counter VI6 

TM20C X'03F5A' R/W | Timer 2 compare register V6 

TM2MD X03F5C' | R/W | Timer 2 mode register Vi-7 

ard CK2MD X'03F5E' R/W | Timer 2 prescaler selection register V-7 
PSCMD X'03F6F' R/W |Prescaler control register V-6 

TM2ICR XO3FEB' | R/W | Timer 2 interrupt control register 24 

P10MD X03F2F' | R/W |Port 1 output mode register N-13 

P1DIR X'03F31' R/W |Port 1 direction control register N-12 

TM3BC X'03F59' R= | Timer 3 binary counter VI-6 

TM30C X'03F5B' | R/W | Timer 3 compare register V6 

TM3MD X03F5D' | R/W | Timer 3 mode register V8 

se a CK3MD X03F5F' R/W | Timer 3 prescaler selection register V-7 
PSCMD X03F6F' R/W |Prescaler control register V-6 

TMSICR XO3FEC' | R/W | Timer 3 interrupt control register Ill-22 

P1OMD X03F2F' R/W |Port 1 output mode register N-13 

P1DIR X03F31' | R/W |Port 1 direction control register N-12 

geil RMCTR X'03F6E' R/W |Remote control carrier output control register VIO 


























R/W : Readable / Writable 
R : Readable only 
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6-2-2 Programmable Timer Registers 


Each of timers 2 and 3 has 8-bit programmable timer registers. Programmable timer register consists of 
compare register and binary counter. 


Compare register is 8-bit register which stores the value to be compared to binary counter. 


Timer 2 Compare Register (TM20C) 


7 6 5 4 3 2 1 0 
TM20C TM20C7 | TM20C6 | TM20C5] TM20C4|TM20C3}TM20C2|TM20C1|TM20C0|} (At reset : X X X X X X X X) 



































Figure 6-2-1 Timer 2 Compare Register (TM2OC : x'03F5A’, R/W) 


Timer 3 Compare Register (TM30C) 


7 6 5 4 3 2 1 0 
TM30C TM30C7 | TM3OC6 | TM30C5] TM30C4 | TM30C3}TM30C2|TM30C1|TM30C0} ( At reset : X X X X X X X X) 



































Figure 6-2-2. Timer 3 Compare Register (TM30OC : x'03F5B’, R/W) 


Binary counter is 8-bit up counter. If any data is written to compare register during counting is stopped, 
binary counter is cleared to x'00". 


Timer 2 Binary Counter (TM2BC) 
7 6 5 4 3 2 1 0 
TM2BC TM2BC7 | TM2BC6 | TM2BC5 | TM2BC4 | TM2BC3 | TM2BC2 | TM2BC1 | TM2BC0 ( At reset : X X X X X X X X) 



































Figure 6-2-3 Timer 2 Binary Counter (TM2BC : x'03F58', R) 


BTimer 3 Binary Counter (TM3BC) 


7 6 5 4 3 2 1 0 
TM3BC TM83BC7 | TM3BC6 | TM3BC5 | TM3BC4 | TM3BC3 | TM3BC2|TM3BC1|TM3BC0) (At reset : X X X X X X X X) 



































Figure 6-2-4 Timer 3 Binary Counter (TM3BC : x'03F59’, R) 
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6-2-3. Timer Mode Registers 
Timer mode register is readable/writable register that controls timers 2 and 3. 


Timer 2 Mode Register (TM2MD) 
















































































7 6 5 4 3 2 1 0 
TM2MD - - _ |TM2MOD|TM2PWM] TMZEN | TM2CkK2) TM2CK1] TM2CKO (At reset: --000000) 
TM2CK2 | TM2CK1 | TM2CKO | Clock source 
0 0 fosc 
1 tm2psc(Prescaler output) 
0 fx 
0 
{ 1 Synchronous fx 
{ 0 TM2IO input 
1 —_|Synchronous TM2IO input 
TM2EN Timer 2 count control 
0 Disable the count 





Enable the count 














TM2PWM Timer 2 operation mode 























0 Normal timer operation 
1 PWM operation 
TM2MoD Pulse width 
measurement control 
0 Normal timer operation 














Measure the pulse width of P23/IRQ3 





Figure 6-2-5 Timer 2 Mode Register (TM2MD : x'03F5C', R/W) 
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Timer 3 Mode Register (TM3MD) 


TM3MD 


VI-8 


4 


2 1 


0 














TM3CAS 





TM3EN 





TM3Ck2 | TM3CK1 





TM3CKO 

















(At reset: ---00000) 

































































TM3CK2 | TM3CK1 | TM3CKO | Clock source 
0 fosc 
- 0 
1 tm3psciPrescaler output) 
0 fx 
0 
1 1 Synchronous fx 
1 0 TMSIO input 
1 Synchronous TMSIO input 
TMS3EN Timer 3 count control 
0 Disable the count 
1 Enable the count 
TM3CAS Timer 3 operation mode 
0 Normal timer operation 











Cascade connection 





Figure 6-2-6 Timer 3 Mode Register (TM3MD : x'03F5D', R/W) 


Control Registers 








Chapter 6 8-bit Timers 


mRemote Control Carrier Output Control Register (RMCTR) 


fs 6 5 4 3 2 1 0 




















RMCTR - — IRMETM2)RTM7EN| TM7RM | RMOEN |RMDTY1 |RMDTYO/RMBTMS (Atreset: -0010000) 

















RMBTMS Remote control carrier base 
timer selection 








0 Timer 7 PWM output selection 
1 Timer 3 output selection 

















Remote control carrier output 
duty selection 


0 1/2 duty 
1 1/3 duty 
1 - Base timer output 





RMDTYO | RMDTYO 





























RMOEN Enable remote control carrier output 





0 Output low level 
1 Output remote control carrier 














TM7RM P10 special function output 











selection 
0 TM7PWM (timer 7 PWM output) 
1 RMOUT (remote control carrier output) 














RTM7EN Timer 7 count comtrol 





0 Disable the count 
1 Enable the count 

















Hardware control of 
BME Ne RMOEN, RTM7EN 


0 No hardware control 








1 Hardware control 
through TM2IRQ 














Figure 6-2-7 Remote Control Carrier Output Control Register (RMCTR : x'03F6E’, R/W) 





If RMETM2 flag is set to "1" during timer 2 operation, RMOEN and RTM7EN flags are set 
every time timer 2 interrupt request (TM2IRQ) is generated. 

Note that if timer 2 interrupt is enable, interrupt acceptance is occurred everytime TM2IRQ is 

generated. 
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6-3 8-bit Timer Count 


6-3-1 Operation 
The timer operation can constantly generate interrupts. 


™8-bit Timer Operation (Timers 2 and 3) 

The generation cycle of timer interrupts is set by the clock source selection and the setting value of the 
compare register (TMnOC), in advance. If the binary counter (TMnBC) reaches the setting value of the 
compare register, an interrupt is generated at the next count clock, then binary counter is cleared and 
counting is restarted from x'00". 

Table 6-3-1 shows clock source that can be selected. 


Table 6-3-1 Clock Source (Timers 2 and 3) at Timer Operation 
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Clock source 1 count time ve Ba ie. sh 
fosc 50 ns V V 
fosc/4 200 ns V V 
fosc/16 800 ns V V 
fosc/32 1.6 us V : 
fosc/64 3.2 us V V 
fosc/128 6.4 us - V 
fs/2 200 ns v Vv 
fs/4 400 ns v 
fs/8 800 ns : 
fx 30.5 us V V 
Notes : as fosc = 20 MHz fx = 32.768 kHz fs = fosc/2 = 10 MHz 
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mCount Timing of Timer Operation (Timers 2 and 3) 
Binary counter counts up with selected clock source as a count clock. 
The basic operation of the whole function of 8-bit timer is as follows ; 


Count 
clock 


TMnEN 
flag 


Compare 
register 


: : : : : : (D) : 
Binary cae ot \ 02 Y 03 
counter 
(A) (B) (C) (E) 
Interrupt 
request flag 


Figure 6-3-1 Count Timing of Timer Operation (Timers 2 and 3) 





(A) If the value is written to the compare register during the TMnEN flag is "0", the binary counter 
is cleared to x'00'", at the writing cycle. 

(B) If the TMnEN flag is "1", the binary counter is started to count. 
The counter starts to count up at the falling edge of the count clock. 
But the binary counter doesn't count up at the first falling edge of the count clock. 

(C) If the binary counter reaches the value of the compare register, the interrupt request flag is 
set at the next count clock, then the binary counter is cleared to x'00' and the counting is 
restarted. 

(D) Even if the compare register is rewritten during the TMnEN flag is "1", the binary counter is 
not changed. 

(E) If the TMnEN flag is "0", the binary counter is stopped. 





> When the binary counter reaches the value in the compare register, the interrupt request flag 
Gd is set and the binary counter is cleared, at the next count clock. So set the compare register as: 


Compare register setting = (count till the interrupt request - 1) 














© If the compare register is set the smaller than the binary counter during the count operation, 
the binary counter counts up to the overflow, at first. 














© If the interrupt is enabled, the timer interrupt request flag should be cleared before timer 
operation is started. 


The timer n interrupt request generation (at TMnOC = x'00') has the same waveform at 
TMnOC = x'01'. 
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6-3-2 


Setup Example 


Timer Operation Setup Example (Timers 2 and 3) 
Timer function can be set by using timer 0 that generates the constant interrupt. By selecting fs/4 (at fosc 
= 20 MHz) as aclock source, interrupt is generated every 250 clock cycles (100 us). 
An example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 





(1) 





Stop the counter. 
TM2MD (x'3F5C') 
bp3 ‘TM2EN =0 


Select the normal timer operation. 


TMOMD (x'3F5C’) 
bp4 ‘TM2PWM =0 
bp5 ‘TM2MOD =0 


Select the count clock source. 
TM2MD (x'3F5C’') 
bp2-0 :TMOCK2-0 = 001 


Select the prescaler output and 
enable the counting. 
CK2MD (x'3F56') 


bp2-1 :TM2PSC1-0 = 01 

bp0 ‘TM2BAS = 1 
PSCMD (x'3F6F') 

bpd :PSCEN = 1 


Set the cycle of the interrupt 
generation. 
TM2OC (x'3F5A') = x'F9' 


Set the interrupt level. 
TM2ICR (x'3FEB') 
bp7-6 ‘TM2LV1-0 = 10 





Set the TM2EN flag of the timer 2 mode 
register (TM2MD) to "0" to stop the counting of 
timer 2. 


Set the TM2PWM flag and TM2MOD flag of 
the TM2MD register to "0" to select the normal 
timer operation. 


Select the prescaler output to the clock source 
by the TM2CK2-0 flag of the TM2MD register. 


Select fs/4 to the prescaler output by the 
TM2PSC1-0, TM2BAS flag of the timer 2 
prescaler selection register (CK2MD). 

Also, set the PSCEN flag of the prescaler 
control register (PSCMD) to "1" to enable the 
counting of the prescaler. 


Set the value of the interrupt generation cycle 
to the timer 2 compare register (TM20C). The 
cycle is 250, so that the setting value is set to 
249 (x'F9'). 

At that time, the timer 2 binary counter 
(TM2BC) is initialized to x'00". 


Set the interrupt level by the TM2LV1-0 flag of 
the timer 2 interrupt control register (TM2ICR). 
If the interrupt request flag may be already set, 
clear the request flag. 

[q@ Chapter 3 3-1-4. Interrupt flag setting ] 
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Setup Procedure Description 
(7) Enable the interrupt. (7) Set the TM2IE flag of the TM2ICR register to 
TM2ICR (x'3FEB') "{" to enable the interrupt. 
bp1 STM2 IE =1 
(8) Start the timer operation. (8) Set the TM2EN flag of the TM2MD register to 
TM2MD (x'3F5C') "1" to start the timer 0. 
bp3 ?TM2EN =1 











The TM2BC starts to count up from 'x00'. When the TM2BC reaches the setting value of the TM20C 
register, the timer 0 interrupt request flag is set at the next count clock, then the value of the TM2BC 
becomes x'00' and restart to count up. 





When the TMnEN flag of the TMnMD register is changed at the same time with other bit, 
binary counter may start to count up by the switching operation. 








= 








If fx is selected as the count clock source, when the binary counter is read at operation, 
uncertain value on counting up may be read. To prevent this, select the synchronous fx as 
the count clock source. 

In this case the timer n counter counts up in synchronization with system clock, therefore the 
correct value is always read. 

But, if the synchronous fx is selected as the count clock source, CPU mode cannot return 
from STOP/HALT mode. 


= 
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6-4 


6-4-1 


8-bit Event Count 


Operation 


Event count operation has 2 types ; TMnIO input and synchronous TMnlO input can be selected as the 
count clock. 


™8-bit Event Count Operation 

Event count means that the binary counter (TMnBC) counts the input signal from external to the TMnlO 
pin. lf the value of the binary counter reaches the setting value of the compare register (TMnOC), inter- 
rupts can be generated at the next count clock. 











Table 6-4-1 Event Count Input Clock 
Timer 2 Timer 3 
TM2I0 input TM3IO input 
Event input ele) le) 
Synchronous Synchronous 
TM2I0 input TMSIO input 

















@Count Timing of TMnlO Input (Timers 2 and 3) 
When TMnlO input is selected, TMnIO input signal is directly input to the count clock of the timer n. The 
binary counter counts up at the falling edge of the TMnIO input signal. 


TMnlO 
input 


TMnEN 
flag 


Compare 
register 


Binary 
counter 


awe tO oo ee OC 


Figure 6-4-1 


Interrupt 
request flag 


Count Timing of TMnIO Input (Timers 2 and 3) 








When the TMnlO input is selected for count clock source and the value of the timer n binary 
counter is read during operation, incorrect value at count up may be read out. To prevent 
this, use the event count by synchronous TMnlO input, as the following page. 








VI- 14 


8-bit Event Count 


Chapter 6 8-bit Timers 


@Count Timing of Synchronous TMnlO Input (Timers 2 and 3) 

If the synchronous TMnhnlO input is selected, the synchronizing circuit output signal is input to the timer n 
count clock. The synchronizing circuit output signal is changed at the falling edge of the system clock 
after TMnIO input signal is changed. 


TMnlO 
input 
“ “NS ~ “NX 
System 
clock (fs) 
Synchronous 
circuit output 
(Count clock) Y Y Wissssy-c6 y y 


TMnEN 
flag 








Compare 
register 





einen 00 01 02 weed oN N 00 } 
counter ' 


Interrupt 
request flag 


Figure 6-4-2. Count Timing of Synchronous TMnlO Input (Timers 2 and 3) 








When the synchronous TMnlO input is selected as the count clock source, the timer n 
counter counts up in synchronization with system clock, therefore the correct value is always 
read. 


But, if the synchronous TMnlO is selected as the count clock source, CPU mode cannot 
return from STOP/HALT mode. 
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6-4-2. Setup Example 


mEvent Count Setup Example (Timers 2 and 3) 

If the falling edge of the TM2IO input pin signal is detected 5 times with using timer 2, an interrupt is 
generated. 

An example setup procedure, with a description of each step is shown below. 








Setup Procedure Description 
(1) Stop the counter. (1) Set the TM2EN flag of the timer 2 mode 
TM2MD (x'3F5C’') register (TM2MD) to "0" to stop timer 2 
bp3 ‘TM2EN =0 counting. 


(2) Set the special function pin to input. (2) Set the P1DIR2 flag of the port 1 direction 
P1DIR (x'3F31') control register (P1DIR) to "0" to set P12 pin to 
bp2 :P1DIR2 =0 input mode. 


If it needs, pull up resistor should be added. 
[@ Chapter 4. I/O Ports ] 


(3) Select the normal timer operation. (3) Set the TM2PWM flag and TM2MOD flag of 
TMOMD (x'3F5C’') the TM2MD register to "0" to select the normal 
bp4 ‘TM2PWM =0 timer operation. 
bp5 ‘TM2MOD =0 
(4) Select the count clock source. (4) Select the clock source to TM2IO input by the 
TM2MD (x'3F5C) TM2CK2-0 flag of the TM2MD register. 


bp2-0 STM2CK2-0 = 110 


(5) Set the interrupt generation cycle. (5) Set the timer 2 compare register (TM2OC) the 
TM2OC (x'3F5A') = x'04' interrupt generation cycle. Counting is 5, so 

the setting value should be 4. 

At that time, the timer 2 binary counter 

(TM2BC) is initialized to x'00'. 


(6) Set the interrupt level. (6) Set the interrupt level by the TM2LV1-0 flag 
TM2ICR (x'3FEB') of the timer 2 interrupt control register 
bp7-6 ‘TM2LV1-0 = 10 (TM2ICR). 


If the interrupt request flag may be already set, 
clear all existing interrupt requests. 
[€ Chapter 3 3-1-4. Interrupt Flag Setup ] 
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Setup Procedure Description 
(7) Enable the interrupt. (7) Setthe TM2IE flag of the TM2ICR register to 
TM2ICR (x'3FEB') "1" to enable the interrupt. 
bp1 STM2 IE =1 
(8) Start the event counting. (8) Set the TM2EN flag of the TM2MD register to 
TM2MD (x'3F5C’) start timer 2. 
bp3 ?TMOEN = 











Every time TM2BC detects the falling edge of TM2IO input , TM2BC counts up from 'x00'. When 
TM2BC reaches the setting value of theTM2OC register, the timer 2 interrupt request flag is set at 
the next count clock, then the value of TM2BC becomes x'00' and counting up is restarted. 
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6-5 


6-5-1 


8-bit Timer Pulse Output 


Operation 


The TMnlIO pin can output a pulse signal with any cycle. 


#Operation of Timer Pulse Output (Timers 2 and 3) 
The timers can output 2 x cycle signal, compared to the setting value in compare register (TMnOC). 
Output pins are as follows ; 


Table 6-5-1 Timer Pulse Output Pins 

















Timer 2 Timer 3 
: TM2l0 output | TM3IO output 
Pulse output pin (P12) (P13) 





™Count Timing of Timer Pulse Output (Timers 2 and 3) 


TMnEN 
flag 


Compare 
register 


me (EE) EG}- CIE] ie 
counter 

Interrupt 

request flag 

TMnIlO 

output 


Figure 6-5-1 Count Timing of Timer Pulse Output (Timers 2 and 3) 


Ni 





The TMnlO pin outputs 2 x cycle, compared to the value in the compare register. If the binary 
counter reaches the compare register, and the binary counter is cleared to x'00', TMnlO output is 
inverted. The inversion of the timer output is changed at the rising edge of the count clock. This is 
happened to form waveform inside to correct the output cycle. 
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6-5-2 Setup Example 


@Timer Pulse Output Setup Example (Timers 2 and 3) 

TM2IO pin outputs 50 kHz pulse by using timer 2. For this, select fosc as clock source, and set a 1/2 
cycle (100 kHz) for the timer 0 compare register (at fosc=20 MHz). 

An example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 








(1) Stop the counter. 
TM2MD (x'3F5C’') 
bp3 7TM2EN =0 


(2) Set the special function pin to the 
output mode. 
P1OMD (x'3F2F') 


bp2 :7P1OMD2 = =1 
P1DIR (x'3F31') 
bp2 :P1DIR2 = 1 


(3) Select the normal timer operation. 
TMOMD (x'3F5C') 
bp4 ‘TM2PWM =0 
bp5 ‘TM2MOD =0 


(4) Select the count clock source. 
TM2MD (x'3F5C') 
bp2-0 :TM2CK2-0 = 000 


(5) Set the timer pulse output cycle. 


TM2OC (x'3F5A') = x'C7' 
(6) Start the timer operation. 
TM2MD (x'3F5C') 
bp3 ‘TM2EN =1 





(1) 


Set the TM2EN flag of the timer 2 mode 
register (TM2MD) to "0" to stop timer 2 
counting. 


Set the P1OMD2 flag of the port 1 output mode 
register (P1OMD) to "1" to set P12 the special 
function pin. 

Set the P1DIR2 flag of the port 1 direction 
control register (P1DIR) to "1" to set output 
mode. 

If it needs, pull-up resistor should be added. 
[@ Chapter 4. I/O Ports ] 


Set the TM2PWM flag and TM2MOD flag of 
the TM2MD register to "0" to select the normal 
timer operation. 


Select fosc for the clock source by the 
TM2CK2-0 flag of the TM2MD register. 


Set the timer 2 compare register (TM2OC) to 
the 1/2 of the timer pulse output cycle. 

The setting value should be 200-1=199(x'C7’), 
because 100 kHz is divided by 20 MHz. 

At that time, the timer 2 binary counter 
(TM2BC) is initialized to x'00". 


Set the TM2EN flag of the TM2MD register to 
"{" to start timer 2. 
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TM2BC counts up from x'00'. If TM2BC reaches the setting value of the TM2OC register, then 
TM2BC is cleared to x'00', TM2IO output signal is inverted and TM2BC restarts to count up from 
x'00'. 








At TMnOC = x'00'" timer pulse output has the same waveform to at x'01'. 


= 











If any data is written to compare register binary counter is stopped, timer output is reset to 
"Lo" 








= 

















Th o The timer pulse output cycle F 
7 Ueber e bade eae The count clock cycle x 2 : 








Gd Set the compare register value as follows. 
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6-6  8-bit PWM Output 


The TMnlO pin outputs the PWM waveform, which is determined by the match timing for the compare 
register and the overflow timing of the binary counter. 


6-6-1 Operation 


Operation of 8-bit PWM Output (Timers 2) 

The PWM waveform with any duty cycle is generated by setting the duty cycle of PWM "H" period to the 
compare register (TMnOC). The cycle is the period from the full count to the overflow of the 8-bit timer. 
Table 6-6-1 shows PWM output pins ; 


Table 6-6-1 Output Pins of PWM Output 





Timer 2 





TM2I0 output pin 


PWM output pin (P12) 











@Count Timing of PWM Output (at normal) (Timers 2) 


TMnEN 
flag 


Compare 
register 


counter 
PWM source 
wave form 
(A) 


(B) (C) 
(PWM output) < R 
Time set in the compare register 


Ni 





PWM basic components ( overflow time of binary counter) 


Figure 6-6-1 Count Timing of PWM Output (at Normal) 


PWM source waveform, 
(A) — is "H" while counting up from x'00' to the value stored in the compare register. 
(B) is "L" after the match to the value in the compare register, then the binary counter 
continues counting up till the overflow. 
(C) is "H" again, if the binary counter overflow. 
The PWM outputs the PWM source waveform with 1 count clock delay. This is 
happened, because the waveform is created inside to correct the output cycle. 
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™Count Timing of PWM Output (when the compare register is x'00') (Timers 2) 
Here is the count timing when the compare register is set to x'00' ; 


TMnEN 
flag 


Compare 
register 


= GG)}-GGbE-GEGE HG 
counter 
H 
TMnlO output 
(PWM output) L 


Figure 6-6-2 Count Timing of PWM Output (when compare register is x'00') 


00 | 


When TMnEN flag is stopped ("0") PWM output is "H". 


™Count Timing of PWM Output (when the compare register is x'FF') (Timers 2) 
Here is the count timing when the compare register is set to x'FF' ; 
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TMnEN 
flag 


compete ar fo ob OE FFE 
register : : : : 


= CG} Ee} GE)} ie 
counter 

TMnlO output 

(PWM output) 


Figure 6-6-3 Count Timing of PWM Output (when compare register is x'FF') 
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6-6-2 Setup Example 


PWM Output Setup Example (Timers 2) 

The 1/4 duty cycle PWM output waveform is output from the TM2IO output pin at 128 Hz by using timer 
2 (at fx=32.768 kHz). Cycle period of PWM output waveform is decided by the overflow of the binary 
counter. "H" period of the PWM output waveform is decided by the setting value of the compare register. 
An example setup procedure, with a description of each step is shown below. 


TM2IO output | | | | | | 


128 Hz 





Figure 6-6-4 Output Waveform of TMOIO Output Pin 





Setup Procedure 


Description 








(1) Stop the counter. 
TM2MD (x'3F5C’') 
bp3 7TM2EN =0 


(2) Setthe special function pin to 
the output mode. 
P1OMD (x'3F2F') 


bp2 :7P1OMD2 =1 
P1DIR (x'3F31') 
bp2 :P1DIR2 = 1 


(3) Select the PWM operation. 
TM2MD (x'3F5C’) 
bp4 ‘TM2PWM =1 
bp5 ‘TM2MOD =0 


(4) Select the count clock source. 
TM2MD (x'3F5C’') 
bp2-0 -TM2CK2-0 = 010 





Set the TM2EN flag of the timer 2 mode 
register (TM2MD) to "0" to stop the timer 2 
counting. 


Set the P1OMD2 flag of the port 1 output mode 
register (P1OMD) to "1" to set P12 pin to the 
special function pin. 

Set the P1DIR2 flag of the port 1 direction 
control register (P1DIR) to "1" for the output 
mode. 


If it needs, pull up resistor should be added. 
[a Chapter 4. I/O Ports ] 


Set the TM2PWM flag of the TM2MD register 
to "1", the TM2MOD flag to "0" to select the 
PWM operation. 


Select "fx" for the clock source by the 
TM2CK2-0 flag of the TM2MD register. 
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Setup Procedure Description 
(5) Set the period of PWM "H" output. (5) Set the "H" period of PWM output to the timer 
TM20C (x'3F5A') = x'40' 2 compare register (TM20C). 


The setting value is set to 256 / 4 = 64 (x'40'), 
because it should be the 1/4 duty of the full 
count (256). 

At that time, the timer 2 binary counter 
(TM2BC) is initialized to x'00". 


(6) Start the timer operation. (6) Set the TM2EN flag of the TM2MD register to 
TM2MD (x'3F5C’) "1" to operate timer 2. 
bp3 -TM2EN =1 














TM2BC counts up from x'00'. PWM source waveform outputs "H" till TM2BC reaches the setting 
value of the TM2OC register, and outputs "L" after that. Then, TM2BC continues counting up, and 
PWM source waveform outputs "H" again, once overflow happens, and TM2BC restarts counting up 
from x'00'. TM2I0 pin outputs the PWM source waveform with 1 count clock delay. 








The initial setting of PWM output is changed from "L" output to "H" output at the selection of 
PWM operation by the TMnPWM flag of the TMnMD register. 
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6-7 Serial Interface Transfer Clock Output 


6-7-1 Operation 
Serial interface transfer clock can be created by using the timer output signal. 


Serial InterfaceTransfer Clock Operation by 8-bit Timer (Timers 2 and 3) 
Timer 2 output and timer 3 output can be used as a transfer clock source for serial interface 0. 


Table 6-7-1 Timer for Serial Interface Transfer Clock 





Serial transfer clock Timer 2 Timer 3 





Serial interface 0 V : 




















When timer output is selected as serial interface transfer clock, select fosc as a clock source 
| of the timer. If other clock is selected, normal transfer of serial interface data is not guaran- 


teed. 











Timing of Serial Interface Transfer Clock (Timers 2 and 3) 


TMnEN 
flag 


Compare 
register 


= le} HIME) SEE] -HHe 
counter 

Interrupt 

request flag 

Timer output 

Serial transfer 

clock 


Figure 6-7-1 Timing of Serial Interface Transfer Clock (Timers 2 and 3) 


N: 


The timer output is synchronized to the serial transfer clock by the timer count clock, and its fre- 
quency is 1/2 of the set frequency by the compare register. 
Other count timings are same to the timing of timer operation. For the baud rate calculation and the 
serial interface setup, refer to chapter 11. Serial Interface 0. 
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6-7-2 Setup Example 


Serial Interface Transfer Clock Setup Example (Timer 2) 
How to create a transfer clock for full duplex UART (Serial interface 0) using with timer 2 is shown below. 
The baud rate is selected to be 300 bps, the source clock of timer 2 is selected to be fs/4 (at fosc=8 


MHz). 


An example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 





(1) Stop the counter. 
TM2MD (x'3F5C') 
bp3 :TM2EN =0 


(2) Select the normal timer operation. 
TM2MD (x'3F5C’') 
bp4 ‘TM2PWM =0 
bp5 ‘TM2MOD =0 


(3) Select the count clock source. 
TM2MD (x'3F5C') 
bp2-0 >TM2CK2-0 = 001 


(4) Select the prescaler output and 
enable counting. 
CK2MD (x'3F5E’) 


bp2-1 :TM2PSC1-0 = 01 

bp0 ‘TM2BAS =1 
PSCMD (x'3F6F') 

bpd :PSCEN = 1 


(5) Set the baud rate. 


TM2OC (x'3F5A') = X'CF' 
(6) Start the timer operation 
TM2MD (x'3F5C') 
bp3 ‘TM2EN =1 








(1) 


Set the TM2EN flag of the timer 2 mode 
register (TM2MD) to "0" to stop timer 2 
counting. 


Set the TM2PWM flag and TM2MOD flag of 
the TM2MD register to "0" to select the normal 
timer operation. 


Select the clock source to prescaler output by 
the TM2CK2-0 flag of the TM2MD register. 


Select the prescaler output to fs/4 by the 
TM2PSC1-0, TM2BAS flag of the timer 2 
prescaler selection register (CK2MD). 

Also, set the PSCEN flag of the prescaler 
control register (PSCMD) to "1" to enable the 
prescaler counting. 


Set the timer 2 compare register (TM2O0C) to 
the value that baud rate comes to 300 bps. 

[ « Chapter11. Table 11-3-18 ] 
At that time, the timer 2 binary counter 
(TM2BC) is initialized to x'00'. 


Set the TM2EN flag of the TM2MD register to 
"{" to start timer 2. 
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TM2BC counts up from x'00'. Timer 2 output is the clock of the serial interface 0 at transmission and 
reception. 


For the compare register setup value and the serial operation setup, refer to chapter 11. Serial 
Interface 0. 
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6-8 


6-8-1 


Simple Pulse Width Measurement 


Operation 


Timer measures the "L" duration of the pulse signal input from the external interrupt pin. 


#Simple Pulse Width Measurement Operation by 8-bit Timer (Timers 2) 

During the input signal of the external interrupt pin (simple pulse width) is "L", the binary counter of the 
timer counts up. Pulse width "L" period can be measured by reading the count of timer. 8-bit timers that 
have the simple pulse width measurement function is timers 2. 


Table 6-8-1 Simple Pulse Width Measurement Able Pins (Timers 2) 














Timer 2 
Simple pulse width External interrupt 3 
measurement enable pin (P23/IRQ3) 





™Count Timing of Simple Pulse Width Measurement (Timer 2) 
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Count 

clock source 

External : : : 
interrupt 

IRQ3 


TMnEN 
flag 








Compare FF! 
regster 





Binaly 00 o1 Y 02 03 04 
counter 





Figure 6-8-1 Count Timing at Measurement of Simple Pulse Width (Timer 2) 


During the input signal of the external interrupt pin for simple pulse width measurement is "L" at 
TMnEN flag operation ("1"), timer counts up. 


Simple Pulse Width Measurement 


6-8-2 


Setup Example 
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Set up Example of Simple Pulse Width Measurement by 8-bit Timer (Timers 2) 

The pulse width of 'L" period of the external interrupt 3 (IRQ3) input signal is measured by timer 2. The 
clock source of timer 2 is selected to fosc. 
An example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 








Stop the counter. 
TM2MD (x'3F5C') 
bp3 “TM2EN =0 


Set the pulse width measurement 
operation. 
TM2MD (x'3F5C’') 
bp4 ‘TM2PWM =0 
bp5 ‘TM2MOD =1 


Select the count clock source. 
TM2MD (x'3F5C’') 
bp2-0 : TM2CK2-0 = 000 


Set the compare register. 


TM2OC (X'3F5A’) = X'FF' 


Set the interrupt level 
IRQ3ICR (x'3FE5') 
bp7-6 IRQ3LV1-0 = 10 


Set the interrupt valid edge. 
IRQ3ICR (x'3FE5') 
bp5 :-REDG3 = 1 





Set the TM2EN flag of the timer 2 mode 
register (TM2MD) to stop timer 2 counting. 


Set the TM2PWM flag of the TM2MD register 
to "0" and TM2MOD flag to "1" to enable the 
timer operation during "L" period to be 
measured. 


Set the clock source to fosc by the TM2CK2-0 
flag of the TM2MD register. 


Set the timer 2 compare register (TM2OC) to 
the bigger value than ("L"period of measured 
pulse width / the cycle of fosc). 

At that time, the timer 2 binary counter 
(TM2BC) is initialized to x'00". 


Set the interrupt level by the IRQ3LV1-0 flag 
of the external interrupt 3 control register 
(IRQ3ICR). 

If interrupt request flag is already set, clear all 
interrupt request flags. 

[€ Chapter 3. 3-1-4 Interrupt Flag Setup ] 


Set the REDG3 flag of the IRQ3ICR register to 
"1" to specify the interrupt valid edge to the 
rising edge. 
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Setup Procedure Description 
(7) Enable the interrupt. (7) Set the IRQ2IE flag of the IRQSICR register to 
IRQ3ICR (x'3FES') "1" to enable the interrupt. 
bp1 IRQ3IE =1 
(8) Enable the timer operation. (8) Set the TM2EN flag of the TM2MD register to 
TM2MD (x'3F5C') "1" to enable timer 2 operation. 
bp3 -TM2EN =a 














TM2BC starts to count up with negative edge of the external interrupt 3 (IRQ3) input as a trigger. 
Timer 2 continues to count up during "L" period of IRQ3 input, then stop the counting with positive 
edge of IRQ3 input as a trigger. At the same time, reading the value of TM2BC by interrupt handling 
can detects "L" period. 
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6-9 Cascade Connection 


6-9-1 Operation 
Cascading timers 2 and 3 form a 16-bit timer. 


™8-bit Timer Cascade Connection Operation (Timer 2 + Timer 3) 
Timer 2 and timer 3 are combined to be a 16-bit timer. Cascading timer is operated at clock source of 
timer 2 which is lower 8 bits. 


Table 6-9-1 Timer Functions at Cascade Connection 



































Timer 2 + Timer 3 
(16 bit) 
Interrupt source TM3IRQ 
Timer operation V 
Event count v 
(TM210 input) 
Timer pulse output y 
(TM3IO output) 
PWM output 2 
Serial Interface transfer clock V 
output (TM3IO output) 
Pulse width measurement V 
Remote control carrier output V 
fosc 
fosc/4 
fosc/16 
fosc/32 
Clock source fosc/64 
fs/2 
fs/4 
fx 
TM2IO input 
fosc : Machine clock (High speed oscillation ) 
fx : Machine clock (Low speed oscillation ) 
fs : System clock [g Chapter 2 2-5 Clock Switching ] 
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At cascade connection, the binary counter and the compare register are operated as a 16 bit regis- 
ter. At operation, set the TMnEN flag of the upper and lower 8-bit timers to "1" to be operated. 
Also, the clock source is the one which is selected in the lower 8-bit timer. 

Other setup and count timing is the same to the 8-bit timer at independently operation. 





When timer 2 and timer 3 are used in cascade connection, timer 3 interrupt request flag is 
used. Timer pulse output of timer 2 is "L" fixed output. 
An interrupt request of timer 2 is not generated, and the timer 2 interrupt should be disabled. 


= 








At the cascade connection, if the binary counter should be cleared by rewriting the compare 
register, the TMnEN flags of the lower and upper 8 bits timers mode registers should be set 
to "0" to stop the counting, then rewrite the compare register. 


= 
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mCascade Connection Timer Setup Example (Timer 2 + Timer 3) 
Setting example of timer function that an interrupt is constantly generated by cascade connection of 
timer 2 and timer 3, as a 16-bit timer is shown. An interrupt is generated in every 2500 cycles (1 ms) by 
selecting source clock to fs/4 (fosc=20 MHz at operation). 

An example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 








Stop the counter. 
TM2MD (x'3F5C') 


bp3 TMOEN =0 
TM3MD (x'3F5D') 
bp3 TM3EN =0 


Select the normal operation lower 
timer. 
TM2MD (x'3F5C’') 
bp4 ‘TM2PWM =0 
bp5 ‘TM2MOD =0 
Set the cascade connection. 
TM83MD (x'3F5D') 
bp4 ‘TM38CAS =1 


Select the count clock source. 
TM2MD (x'3F5C’') 
bp2-0 :TM02CK2-0= 001 
Select the prescaler output and 
enable counting. 
CK2MD (x'3F5E’) 


bp2-1 >TM2PSC1-0= 01 

bp0 ‘TM2BAS =1 
PSCMD (x'3F6F') 

bpoO :?PSCEN =1 


Set the interrupt generation cycle 
TMnOC(x'3F5B’, x'3F5A')=x'09C3' 


Set the TM2EN flag of the timer 2 mode 
register (TM2MD) to "0", the TM3EN flag of the 
timer 3 mode register to "0" to stop timer 2 and 
timer 3 counting. 


Set both of the TM2PWM flag and TM2MOD 
flag of the TM2MD register to "0" to select the 
normal operation of timer 2. 


Set the TM3CAS flag of the TM3MD register to 
"1" to connect timer 3 and timer 2 in cascade 
connection. 


Set the clock source to prescaler output by 
the TM2CK2-0 flag of the TM2MD register. 


Set the prescaler output to fs/4 by the 
TM2PSC1-0, TM2BAS flag of the timer 2 
prescaler selection register (CK2MD). 

Also, set the PSCEN flag of the prescaler 
control register (PSCMD) to "1" to enable the 
prescaler counting. 


Set the timer 3 compare register + timer 2 
compare register (TM30C + TM2OC) to the 
interrupt generation cycle (x'09C3' : 2500 
cycles - 1). 

At that time, timer 3 binary counter + timer 2 
binary counter (TM3BC + TM2BC) are 
initialized to x'0000". 
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Setup Procedure 


Description 





(10 





= 


Disable the lower timer interrupt. 


TM2ICR (x'3FEB’) 
bp1 STM2lE =0 


Set the level of the upper timer 
interrupt. 
TMSICR (x'3FEC’') 
bp7-6 ‘TM8LV1-0 = 10 


Enable the upper timer interrupt. 


TMSICR (x'3FEC’') 
bp1 STMSIE = 1 


Start the upper timer operation. 
TM83MD (x'3F5D') 
bp3 >TM3EN =1 


(11) Start the lower timer operation. 


TM2MD (x'3F5C') 
bp3 ‘TM2EN = 1 





(7) Set the TM2IE flag of the timer 2 interrupt 
control register (TM2ICR) to "0" to disable the 
interrupt. 


(8) Set the interrupt level by the TM3LV1-0 flag of 
the timer 3 interrupt control register (TM3ICR). 
If any interrupt request flag may be already 
set, clear all request flags. 
[« Chapter 3 3-1-4. Interrupt Flag Setup ] 
(9) Set the TMSIE flag of the TMSICR register to 
"1" to enable the interrupt. 


(10 


— 


Set the TM3EN flag of the TM3MD register to 
"1" to start timer 3. 


(11) Set the TM2EN flag of the TM2MD register to 
"{" to start timer 2. 





TM3BC + TM2BC counts up from x'0000' as a 16-bit timer. When TM3BC + TM2BC reaches the set 
value of TM3O0C + TM2OC register, the timer 3 interrupt request flag is set to "1" at the next count 
clock, and the value of TM3BC + TM2BC becomes x'0000' and counting up is restarted. 








Use a 16-bit access instruction to set the (TM30C + TM2OC) register. 

















Start the upper timer operation before the lower timer operation. 
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6-10 Remote Control Carrier Output 


6-10-1 Operation 
Carrier pulse for remote control can be generated. 


Operation of Remote Control Carrier Output (Timer 3) 
Remote control carrier pulse is based on output signal of timer 3. Duty cycle is selected from 1/2, 1/3 and 
base timer output. RMOUT (P10) outputs remote control carrier output signal. 


Base period set by timer 
<_—_ 


Base 

timer output 
RMOUT 
(Base timer 
output) 
RMOUT 
(1/2 duty) 
RMOUT 
(1/3 duty) 


Figure 6-10-1 Duty Cycle of Remote Control Carrier Output Signal 


@Count Timing of Remote Control Carrier Output (Timer 3) 


Base 
timer output 

Output ON 
RMOEN 

Output OFF 
RMOUT 
(1/3 duty) 


(A) 


Figure 6-10-2 Count Timing of Remote Control Carrier Output Function (Timer 3) 


(A) Even if the RMOEN flag is off when the carrier output is high, the carrier waveform is held 
by the synchronizing circuit. 
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If RMETM2 flag of Remote control carrier output control register (RMCTR) is set to "1" during 
timer 2 operation, RMOEN and RTM7EN flag are set every time timer 2 interrupt request is 
generated. 


Also note that if timer 2 interrupt is enabled, interrupt is accepted every time TM2IRQ is 
generated. 

















© Before the RMOEN flag is switched to on, set the P1OMDO0 flag of the P1OMD register to "1". 
After it is switched to off, set it to "0". 














© When the RMOEN flag is changed, do not change the base cycle and its duty at the same 
time. If they are changed at the same time, the carrier wave form is not output properly. 
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mRemote Control Carrier Output Setup Example (Timer 3) 

Here is the setting example that the RMOUT pin outputs the 1/3 duty carrier pulse signal with "H" period 
of 36.7 kHz, by using timer 3. The source clock of timer 3 is set to fosc (at 8 MHz). 

An example setup procedure, with a description of each step is shown below. 


Base period 


Base period set 


by timer 3 (36.7 kHz) 
fi. 


set by timer 3 | 
RMOUT output 
(1/3 duty) 


Figure 6-10-3 Output Wave Form of RMOUT Output Pin 





Setup Procedure 


Description 





(1) Disable the remote control carrier 


output. 
RMCTR (x'3F6E’) 
bp3 :RMOEN =0 


(2) Select the base cycle setting timer. 
RMCTR (x'3F6E’') 
bp0 : RMBTMS =0 


(3) Select the carrier output duty. 
RMCTR (x'3F6E’) 
bp2,1 : RMDTY1,0= 0,1 


(4) Stop the counter. 
TM83MD (x'3F5D') 
bp3 -TM3EN =0 


(5) Set the remote control carrier output of 
the special function pin. 
P1OMD (x'3F2F') 





bpo :P1OMDO =1 
P1DIR (x'3F31') 
bpo :P1DIRO =1 
RMCTR (x'3F6E') 
bp4 ‘TM7RMo= 1 





Set the RMOEN flag of the remote control 
carrier output control register (RMCTR) to "0" 
to disable the remote control carrier output. 


Set the RMBTMS flag of the RMCTR register 
to "0" to set the timer as a base cycle setting 
timer. 


Set the RMDTY1,0 flag of the RMCTR register 
to "0,1" to select 1/3 duty. 


Set the TM3EN flag of the timer 3 mode 
register (TM3MD) to stop the timer 3 counting. 


Set the P1OMDO0 flag of the port 1 output mode 
register (P1OMD) to "1" to set P10 pin as a 
special function pin. 

Set the P1DIRO flag of the port 1 direction 
control register (P1DIR) to "1" for output mode. 
Set the TM7RM flag of the RMCTR register to 
"1" to select the remote control carrier output. 
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Setup Procedure 


Description 








(6) Select the normal timer operation. 
TM3MD (x'3F5D') 
bp4 : TM3PWM =0 


bp5 : TM30MOD = 0 


Select the count clock source. 
TM3MD (x'3F5D') 
bp2-0 : TM3CK2-0 = 000 


(7) 


(8) Set the base cycle of remote control 
carrier. 


TM30C (x'3F5B’') = x'6C' 


(9) Start the timer operation. 
TM3MD (x'3F5D') 
bp3 :TM3EN =1 


(10) Enable the remote control carrier 


output. 
RMCTR (x'3F6E’) 
bp3 >RMOEN =1 





(10 


= 


Set both of the TM3MOD flag and TM83PWM 
flag of the TM3MD register to "0" to select 
normal timer operation. 


Select fosc to clock source by the 
TM3CK2-0 flag of the TM3MD register. 


Set the base cycle of remote control carrier by 
writing x'6C' to the timer 3 compare register 
(TM30C). The set value should be (8 MHz/ 
73.4 kHz) - 1 = 108(x'6C') 

8 Ml is divided to be 73.4 kHz, 2 times 
36.7 kHz. 


Set the TM3EN flag of the TM3MD register to 


"1" to stop the timer 3 counting. 


Set the RMOEN flag of the RMCTR register to 
"4" to enable the remote control carrier output. 





TM83BC counts up from x'00'. Timer 3 outputs the base cycle pulse set in TM3OC. Then, the 1/3 duty 
remote control carrier pulse signal is output. If the RMOEN flag of the RMCTR register is set to "0", 
the remote control carrier pulse signal output is stopped. 
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7-1 Overview 


This LSI contains a general-purpose 16-bit timer (Timer 7). Its compare register is double buffer type. 
Timer 7 (high function 16-bit timer) has 2 sets of compare registers with double buffering. Also, as an 
independent interrupt it has a timer 7 interrupt and a timer 7 compare register 2 match interrupt. 


7-1-1 Functions 


Table 7-1-1 shows the functions of timer 7. 


Table 7-1-1 16-bit Timer Functions 









































Timer 7 
(High precision 16-bit timer) 
Interrupt source ai 
P T70C2IRQ 
Timer operation V 
Event count P14 
Timer pulse output P14, P11 
PWM output (duty is changeable) P14, P11, P10 
High precision PWM output (duty and cycle are P14, P11, P10 
changeable) 
Capture function | 
Pulse width measurement V 
Remote control carrier output V 
fosc 
fosc/2 
fosc/4 
fosc/16 
fs 
fs/2 
Clock source fs/4 
fs/16 
TM7IO input 
TM7IO input/2 
TM7IO input/4 
TM7IO input/16 
fosc : Machine clock (High speed oscillation ) 
fs : System clock [ g Chapter 2 2-5 Clock Switching ] 
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Control Registers 


16-bit Timer 


Timer 7 contains the binary counter (TM7BC), the compare register 1 (TM7O0C1), and its double buffer 
preset register (TM7PR1), the compare register 2 (TM7OC2) and its double buffer preset register 2 
(TM7PR2), the capture register (TM7IC). The mode register 1 (TM7MD1) and the mode register 2 
(TM7MD2) controls timer 7. Remote control carrier output control register (RMCTR) controls remote 
control function. 


7-2-1 


Registers 


Table 7-2-1 shows the registers that control timer 7. 






















































































Table 7-2-1 16-bit Timer Control Registers 
Register Address R/W Function Page 
TM7BCL x'03F70' R_ | Timer 7 binary counter (lower 8 bits) VIl-8 
TM7BCH X'03F71' R_ | Timer 7 binary counter (upper 8 bits) Vil- 8 
TM70C1L X'03F72' R_ | Timer 7 compare register 1 (lower 8 bits) VIl-6 
TM70C1H X'03F73' R_ | Timer 7 compare register 1 (upper 8 bits) VIl-6 
TM7PRIiL X'03F74' R/W | Timer 7 preset register 1 (lower 8 bits) VIl- 7 
TM7PR1H xX'03F75' R/W | Timer 7 preset register 1 (upper 8 bits) VIl-7 
TM7ICL x'03F76' R_ | Timer 7 capture regsiter (lower 8 bits) VIl-8 
TM7ICH X'03F77' R_ | Timer 7 capture register (upper 8 bits) Vil-8 
a TM7MD1 X'03F78' R/W | Timer 7 mode register 1 Vil- 9 
TM7MD2 X'03F79' R/W | Timer 7 mode register 2 Vil- 10 
TM70C2L X'03F7A' R_ | Timer 7 compare register 2 (lower 8 bits) VIl-6 
TM70C2H x'03F7B' R_ | Timer 7 compare register 2 (upper 8 bits) VIl-6 
TM7PR2L x'03F7C' R/W | Timer 7 preset register 2 (lower 8 bits) VIl- 7 
TM7PR2H X'03F7D' R/W | Timer 7 preset register 2 (upper 8 bits) VIl- 7 
TM7ICR X03FF1' R/W | Timer 7 interrupt control register Il - 25 
T7O0C2ICR X03FF2' R/W | Timer 7 compare register 2 match interrupt control register Ill - 26 
P1OMD X'03F2F' R/W |Port 1 output mode register NM -13 
P1DIR X'03F31' R/W |Port 1 direction control register M-12 
Remote F ‘ : . 
eaniol RMCTR x'03F6E R/W |Remote control carrier output control register Vil- 11 
R/W : Readable/Writable 
R : Readable only 
Control Registers VII -5 
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7-2-2 Programmable Timer Registers 


Timer 7 has a 16-bit programmable timer register. It contains a compare register, a preset register, a 
binary counter and a capture register. Each register has 2 sets of 8-bit register. Operate by 16-bit ac- 


cess. 


Compare register is a 16-bit register stores the value that compared to binary counter. The compared 


value that written to the preset register in advance is loaded. 


mTimer 7 Compare Register 1 (TM70C1) 


7 6 5 4 3 2 1 0 
TM7OC1L __| TM/0C1L7 | TM70C1L6 | TM7OCIL5 | TM7OC1L4 | TM7OC1L3 | TM70C1L2 | TM7OCIL1 | TM7OC1LO (At reset :X X XXX XXX) 



































Figure 7-2-1 Timer 7 Compare Register 1 Lower 8 bits (TM7OC1L : x'03F72', R) 


7 6 5 4 3 2 1 0 
































TM7OC1H | TM70C1H7 | TM70C1H6 | TMZOC1H5 |TM70C1H4 | TM70C1H3 | TM7OC1H2 | TM7OC1H1 | TM70C1HO ( At reset : X X XX X XXX) 





Figure 7-2-2. Timer 7 Compare Register 1 Upper 8 bits (TM70C1H : x'03F73’, R) 


Timer 7 Compare Register 2 (TM70C2) 


7 6 5 4 3 2 1 0 





TM7OC2L | TM70C2L7 | TM70C2L6 | TM70C2L5 | TM70C2L4 | TM70C2L3 | TM70C2L2 | TM70C2L1 | TM70C2L0 (At reset: XXX XXXXX) 
































Figure 7-2-3 Timer 7 Compare Register 2 Lower 8 bits (TM7OC2L : x'03F7A’, R) 


7 6 5 4 3 2 1 0 
TM7OG2H __|TM70C2H7| TM70C2H6 | TM7OC2H5 | TM70C2H4 | TM70C2H8 | TM70C2H2 | TM7OC2Ht | TM70C2HO (At reset: XX XXXXXX ) 



































Figure 7-2-4 Timer 7 Compare Register 2 Upper 8 bits (TM7OC2H : x'03F7B’, R) 
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The timer 7 preset register 1 and 2 are buffer registers of the timer 7 compare register 1 and 2. If the set 
value is written to the timer 7 preset register 1 and 2 when the counting is stopped, the same set value is 
loaded to the timer 7 compare register 1 and 2. If the set value is written to the timer 7 preset register 1 
and 2 when the counting is operated, the set value of the timer 7 preset register 1 and 2 is loaded to the 
timer 7 compare register 1 and 2 at the timing that the timer 7 binary counter is cleared. 


Timer 7 Preset Register 1 (TM7PR1) 


7 6 5 4 3 2 1 0 
TM7PRI1L | TM/PRIL7 | TM7PRILG | TM7PRIL5 | TM7PRIL4 | TM7PRIL3 | TM/PRIL2 | TM7PRIL1 | TM7PRiLO ( At reset : XX XXX XXX) 



































Figure 7-2-5 Timer 7 Preset Register 1 Lower 8 bits (TM7PR1L : x'03F74', R/W) 


7 6 5 4 3 2 1 0 
TM7PR1H __| TM/PRIH? | TM7PRIHG | TM7PRIHS | TM7PR1H4 | TM7PR1H3 | TM7PR1H2 | TM7PRIHi | TM7PR1HO ( At reset : X X XX XX XX) 



































Figure 7-2-6 Timer 7 Preset Register 1 Upper 8 bits (TM7PR1H : x'03F75', R/W) 


Timer 7 Preset Register 2 (TM7PR2) 


7 6 5 4 3 2 1 0 
TM7PR2L | TM/PR2L7 | TM7PR2L6 | TM/PR2L5 | TM7PR2L4 | TM7PR2L3 | TM7PR2L2 | TM7PR2L1 | TM7PR2LO (At reset: XX XXXXXX ) 



































Figure 7-2-7 Timer 7 Preset Register 2 Lower 8 bits (TM7PR2L : x'03F7C', R/W) 


7 6 5 4 3 2 1 0 
































TM7PR2H __|TM7PR2H7|TM7PR2H6|TM7PR2H5 |TM7PR2H4 | TM7PR2H3 | TM7PR2H2| TM7PR2H1|TM7PR2H0 (At reset: XX XXXXXX ) 





Figure 7-2-8 Timer 7 Preset Register 2 Upper 8 bits (TM7PR2H : x'03F7D', R/W) 
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Binary counter is a 16-bit up counter. If any data is written to a preset register when the counting is 
stopped, the binary counter is cleared to x'0000'. 


Timer 7 Binary Counter (TM7BC) 


7 6 5 4 3 2 1 0 





TM7BCL | TM7BCL7 | TM7BCL6 | TM7BCL5 | TM7BCL4 | TM7BCL3 | TM7BCL2 | TM7BCL1 | TM7BCLO (At reset :X X XXX XXX) 
































Figure 7-2-9 Timer 7 Binary Counter Lower 8 bits (TM7BCL : x'03F70', R) 


7 6 5 4 3 2 1 0 
TM7BCH __|TM7BCH7 | TM7BCH6 | TM7BCHS5 |TM7BCH4 | TM7BCHS | TM7BCH2 | TM7BCHt | TM7BCHO (At reset: X XX XX XXX) 



































Figure 7-2-10 Timer 7 Binary Counter Upper 8 bits (TM7BCH : x'03F71', R) 


Input capture register is a register that holds the value loaded from a binary counter by capture trigger. 
Capture trigger is generated by an input signal from an external interrupt pin, and when an arbitrary value 
is written to an input capture register (Directly writing to the register by program is disable.). 


Timer 7 Input Capture Register (TM7IC) 


7 6 5 4 3 2 1 0 
































TM7ICL TM7ICL7 | TM7ICL6 | TM7ICL5 | TM7ICL4 | TM7ICL3 | TM7ICL2 | TM7ICL1 | TM7ICLO ( At reset : X X XXX XXX) 





Figure 7-2-11 Timer 7 Input Capture Register Lower 8 bits (TM7ICL : x'03F76', R) 


7 6 5 4 3 2 1 0 
































TM7ICH TM7ICH7 | TM7ICH6 | TM7ICHS | TM7ICH4 | TM7ICH3 | TM7ICH2 | TM7ICH1 | TM7ICHO ( At reset : X X XX X XXX) 





Figure 7-2-12 Timer 7 Input Capture Register Upper 8 bits (TM7ICH : x'03F77’', R) 
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Timer Mode Registers 


This is a readable / writable register that controls timer 7. 


Timer 7 Mode Register 1 (TM7MD1) 


TM7MD1 


f 


3 


2 


{ 


0 











RESERVED 


TMCNC 





=a 


7CL 





TM7EN 





TM7PS1 


TM7PS0 





TM7CK1 


TM7CKO 


























Chapter 7 


(At reset:00100000) 





TM7CK1 | TM7CKO 


Clock source selection 





fosc 





fs 





TM7IO input 





-)/oO;-+|/oO 


Synchronous TM7IO input 











TM7PS1 | TM7PS0 


Count clock selection 





1/1 of clock 





1/2 of clock 





1/4 of clock 








=—|O |= |/oO 


1/16 of clock 











TM7EN 


Timer 7 count control 





Disable the count 





Enable the count 








Timer output reset control 





Operate timer output 








Disable timer output (reset) 











TM7CNC 


Timer 7 count control 
sewitching 





0 


Operate timer output 





1 


Disable timer output (reset) 














RESERVED 





Set always "0". 





Figure 7-2-13 Timer 7 Mode Register 1 (TM7MD1 : x'03F78', R/W) 
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Timer 7 Mode Register 2 (TM7MD2) 










































































































































































ye 6 5 4 3 2 1 0 
TM7MD2 | TICEDG | T7PWMSL| TM7BCR | TM7PWM| TM7IRS1 | T7ICEN | T7ICTt | T7ICTO (At reset: 00000000) 
T7ICT1 | T7ICTO | Capture trigger selection 
0 0 IRQO (External interrupt 0) 
1 IRQ1 (External interrupt 1) 
1 0 IRQ2 (External interrupt 2) 
1 IRQ3 (External interrupt 3) 
T7ICEN Input capture operation 
enable flag 
0 Disable capture operation 
1 Enable capture operation 
Timer 7 interrupt 
ee source selection 
0 Counter clear 
1 Match of BC and OC1 
Timer output 
TMZEWM waveform selection 
0 Timer output 
1 PWM output 
Timer 7 counter clear 
TM7BCR source selection 
0 Full count OVF 
1 Match of BC and OC1 
T7PWMSL PWM mode selection 
0 Set duty by OC1 
1 Set duty by OC2 
T7ICEDG Capture trigger edge selection 
0 Both edges selection 
1 Specified edge selection 














Figure 7-2-14 Timer 7 Mode Register 2 (TM7MD2 : x'03F79', R/W) 
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mRemote Control Carrier Output Control Register (RMCTR) 


7 6 5 4 3 2 1 0 





RMCTR - _ |RMETM2/RTM7EN| TM7RM | RMOEN /RMDTY1 |RMDTYO|RMBTMS (At reset: -0010000) 












































Remote control carrier base 
RMBTMS timer selection 
0 |Timer7 PWM output selection 
1 [Timer3 output selection 











Remote control carrier 
output duty selection 


0 1/2 duty 
1 1/3 duty 
- Base timer output 





RMDTYO | RMDTYO 


























Remote control carrier 





























RMOEN output enable 
0 Output L 
1 Remote control carrier output 
TM7RM a ee function output 
0 TM7PWM (timer? PWM output) 
1 RMOUT(remote control carrier output) 














RTM7EN Timer7 count control 





0 Disable the count 





1 Enable the count 











Hardware control of 
RMOEN, RTM7EN 


0 No hardware control 
Hard reset by TM2IRQ 





RMETM2 




















Figure 7-2-15 Remote Control Carrier Output Control Register 
(RMCTR : x'03F6E', R/W) 


If RMETM2 flag of Remote control carrier output control register (RMCTR) is set to "1" during 
timer 2 operation, RMOEN and RTM7EN flag are set every time timer 2 interrupt request is 
generated. 


Also note that if timer 2 interrupt is enabled, interrupt is accepted every time TM2IRQ is 
generated. 
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7-3 16-bit Timer Count 


7-3-1 Operation 
The timer operation can constantly generate interrupts. 


16-bit Timer Operation (Timer 7) 

The generation cycle of an timer interrupt is set by the clock source selection and the set value of the 
compare register 1 (TM7OC1), in advance. When the binary counter (TM7BC) reaches the set value of 
the compare register 1, the timer 7 interrupt request is generated at the next count clock. There are 2 
sources ; the TM7OC1 compare match or the full count over flow, to be selected to clear the binary 
counter. After the binary counter is cleared to x'0000, the counting up is restarted from x'0000'. 


Table 7-3-1 16-bit Timer Interrupt Source and Binary Counter Clear Source (Timer 7) 





























TM7MD2 register 
Interrupt source Binary counter clear source 
TM7IRS1 flag TM7BCR flag 
1 1 TM7OC1 compare match TM7OC1 compare match 
0 1 TM7OC1 compare match TM7OC1 compare match 
1 0 TM7OC1 compare match full count over flow 
0 0 full count over flow full count over flow 











Timer 7 can generate another set of an independent interrupt (Timer 7 compare register 2 match inter- 
rupt) by the set value of the timer 7 compare register (TM7OC2). At that timer, the binary counter is 
cleared as the above setup. 


The compare register is double buffer type. So, when the value of the preset register is changed during 
the counting, the changed value is stored to the compare register as the binary counter is cleared. This 
function can change its value of the compare register constantly, without disturbing the cycle during timer 
operation (Reload function). 





unit data even if it is a 16-bit MOVW instruction. As a result, it will read the data incorrectly if 


C When the CPU reads the 16-bit binary counter (TM7BC), the read data is treated as 8-bits 
: a carry from the lower 8 bits to the upper 8 bits occurs during counting. 


To read the correct value of the 16-bit counting (TM7BC), use the writing program function to 
the input capture register (TM7IC). By writing to the TM7IC, the counting data of TM7BC can 
be stored to TM7IC to read out the correct counting data during operation. 


[@ © Chapter 7-9-1. Operation (p.VII-33) ] 
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Clock 


TMxBCG 


TMxOC1 


TMxPR1H 


TMxPRI1L 


When a data is written to 16-bit timer preset register (TM7PR1, TM7PR2), it is recognized as 
a 8-bit unit data inside LSI even if it is a 16-bit access MOVW instruction. After lower 8 bits of 
preset register is written, if data loading from preset register to compare register is started 
before the upper 8 bits is written, data which is not rewritten is loaded to the upper 8 bits and 


rewritten data is loaded to the lower 8 bits. 


Therefore, writing data to the preset register (TM7PR1, TM7PR2) need to be completed 
before data loading from the preset register to the compare register is started. 


Shown below is timing chart of TM7PR1 and TM7OC1 data rewriting and the data loading. 
When data is written to TM7PR2 wrong data could be loaded due to the same problem. 


TM7BC and TM7O0C1 compare match and load timing of TM7PR1 

































































e1b0 | e1b1| e1b2) e1b3 | e1b4| e1b5 | 0000 | 0001 | 0002 | 0003 | 0004| 0005 
Data loading from PR1 to OC1 is started 
(Data loading from PR2 to OC2 is started 
@1b5 e12a at the same time) 
e1 8e 
b5 2a 








SS | 


Data e12a is loaded to OC1 as PR1rewrting (e1b5 -> 8e2a) and loading to OC1 are operated at the same time. 


Data is rewritten by instruction 
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Table 7-3-2 shows the clock source that can be selected. 


Table 7-3-2 Clock Source at Timer Operation(Timer 7) 
































Clock source 1 count time 

fosc 50 ns 
fosc/2 100 ns 
fosc/4 200 ns 
fosc/16 800 ns 

fs 100 ns 

fs/2 200 ns 

fs/4 400 ns 

fs/16 1.6 us 

as fosc = 20 MHz, fs = fosc/2 = 10 MHz 








mCount Timing of Timer Operation (Timer 7) 
The binary counter counts up with the selected clock source as the count clock. 
The basic operation of the whole function of 16-bit timer is as follows ; 


Vil - 14 


Count 
clock 


TM7EN 
flag 


Preset 
register 


Compare 
register 


Binary 
counter 


Interrupt 
request flag 











A) 


(A) 


oc 
(B) 





: (D) : ; 
0000 ~=6——_—_—X00010002}- - - - - (nt wv | 0000 0001} o002 0003 
(E) 








PL 





Figure 7-3-1 Count Timing of Timer Operation (Timer 7) 


When any data is written to the preset register as the TM7EN flag is stopped ("0"), the same 
value is loaded at the writing cycle and the binary counter is cleared to x'0000'. 


If the TM7EN flag is "1", the binary counter starts counting. The counting is happened at the 


falling edge of the count clock. 


16-bit Timer Count 
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(C) Even if the preset register is rewritten as the TM7EN flag is "1", the binary counter is not 
changed. 


(D) — If the binary counter reaches the value of the compare register 1, the set value of the preset 
register is loaded to the compare register at the next count clock. And the interrupt request 
flag is set at the next count clock, and the binary counter is cleared to x'0000' to restart 
counting up. 


(E) If the TM7EN flag is"0", the binary counter is stopped. 





When the binary counter reaches the value of the compare register, the interrupt request flag is 
set and the binary counter is cleared, at the next count clock. So, set the compare register as; 
(the set value of the compare register) = (count till the interrupt request - 1) 








When the timer 7 compare register 2 match interrupt is generated and the TM70C1 compare 
match is selected as a binary counter clear source, the set value of the compare register 2 
should be smaller than the set value of the compare register 1. 











If the interrupt is enabled, the timer interrupt request flag should be cleared before timer 
operation is started. 














At TM7OC=x'0000'", x'0001', the timer n interrupt request generation has the same wave- 
form. 











When more than 2 waits is set at access to the special register area by the IOW1, IOW0 flag 
of the MEMCTR register, write the same value 2 times at setup of the preset register as the 
timer is stopped. When 1 wait or no wait is set, there is no need to do this. 

(This is for all functions of a 16-bit timer.) [ @» Chapter 2 2-3-2. Control Registers] 
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7-3-2 Setup Example 


Timer Operation Setup Example (Timer 7) 


Timer 7 generates an interrupt constantly for timer function. Fosc/2 (fosc=20 MHz) is selected as a clock 
source to generate an interrupt every 1000 cycles (100 us). 
An example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 





(1) Stop the counter. 
TM7MD1 (x'3F78') 
bp4 > TM7EN =0 


(2) Select the timer clear source. 
TM7MD2 (x'3F79') 
bp5 :TM7BCR =1 


(3) Select the count clock source. 
TM7MD1 (x'3F78') 
bp1-0 : TM7CK1-0 = 00 
bp3-2 : TM7PS1-0 = 01 


(4) Set the count control flag 
TM7MD1 (x'3F78') 
bp6 :TM7CNC =0 


(5) Set the interrupt generation cycle 
TM7PR1 (x'3F75', x'3F74')=x'03E7 


(6) Set the interrupt level. 
TM7ICR (x'3FF1') 
bp7-6 : TM7LV1-0 = 10 


(7) Enable the interrupt. 
TM7ICR (x'3FF1') 
bp1 : TM7IE = 1 








Set the TM7EN flag of the timer 7 mode 
register 1 (TM7MD1) to "0" to stop timer 7 
counting. 


Set the TM7BCR flag of the timer 7 mode 
register 2 (TM7MD2) to "1" to select the 
compare match as a binary counter clear 
source. 


Select fosc as a clock source by the TM7CK1- 
0 flag of the TM7MD1 register. Also select 1/2 
fosc as a count clock source by TM7PS1-0 
flag. 


Select the TM7EN flag to the timer 7 count 
control with the TM7CNC flag of the TM7MD1 
register. 


Set the interrupt generation cycle to the timer 7 
preset register 1 (TM7PR1). The cycle is 1000. 
The set value should be 1000-1=999(x'03E7’). 
At that time, the same value is loaded to the 
timer 7 compare register 1 (TM7OC1), and the 
timer 7 binary counter (TM7BC) is initialized to 
x'0000'. 


Set the interrupt level by the TM7LV1-0 flag of 
the timer 7 interrupt control register (TM7ICR). 
If the interrupt request flag may be already set, 
clear the request flag. 


[« Chapter 3 3-1-4. Interrupt Flag Setup ] 


Set the TM7IE flag of the TM7ICR register to 
"1" to enable the interrupt. 
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Setup Procedure 


Description 








(8) Start the timer operation. 
TM7MD1 (x'3F78') 
bp4 : TM7EN 


=1 





(8) 


Set the TM7EN flag of the TM7MD1 register to 


"{" to start timer 7. 








TM7BC counts up from x'0000'. When TM7BC reaches the set value of the TM7OC1 register, the 
timer 7 interrupt request flag is set to "1" at the next count clock and the TM7BC becomes x'0000' 


and counts up, again. 








When the TM7EN flag of the TM7MD register is changed at the same time to other bits, the 
binary counter may count up by the switching operation. 








16-bit Timer Count 
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7-4 16-bit Event Count 


7-4-1 Operation 


Event count operation has 2 types ; TM7IO input and synchronous TM7IO input can be selected as the 
count clock. Each type can select 1/1, 1/2, 1/4 or 1/6 as a count clock source. 


16-bit Event Count Operation (Timer 7) 

Event count means that the binary counter (TM7BC) counts the input signal from external to the TM7IO 
pin. If the value of the binary counter reaches the setting value of the compare register (TM7OC), inter- 
rupts can be generated at the next count clock. 


Table 7-4-1 Event Count Input Clock 


As an actual count clock, a 


TM7IO input signal divided 1, 2, 4, or 16 is 
Event input (P14) selected. 








Synchronous TM7IO input 








™Count Timing of TM7IO Input (Timer 7) 

When TM7IO input is selected, TM7IO input signal is directly input to the count clock of the timer 7. The 
binary counter counts up at the falling edge of the TM7IO input signal or at the falling edge of the TM7IO 
input signal that passed the divider. 


TM7IO 
input 


TM7EN 
flag 


Compare 
register 1 


Binety 0000 0001 (oor eee (wit on | 0000) 0001 
counter 

Interrupt 

request flag 


Figure 7-4-1 Count Timing TM7IO Input (Timer 7) 








If the binary counter is read out at operation, incorrect data at counting up may be read. To prevent 
this, use the event count by the synchronous TM7IO input as the following page. 
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BCount Timing of Synchronous TM7IO Input (Timer 7) 

If the synchronous TM7IO input is selected, the synchronizing circuit output signal is input to the count 
clock. The synchronizing circuit output signal is changed at the falling edge of the system clock after the 
TM7IO input signal is changed. The binary counter counts up at the falling edge of the synchronizing 
circuit output signal or the synchronizing circuit output signal that passed through the divide-by circuit. 


TM7IO 
input 


N N N N VW ay \ > N VN N 
System 
clock (fs) 
Synchronizing circuit | | | | | 
output(countclock) | yy | yp | wy . 


TM7EN 
flag 








Compare 
register 1 








pany 0000 0001 0002 ~Ss«dS----- N-t N 0000: 
counter : 


Interrupt 
request flag 


Figure 7-4-2. Count Timing of Synchronous TM7IO Input (Timer 7) 





When the synchronous TM7IO input is selected as the count clok source, the timer 7 counter 

counts up in synchronization with the system clock. Therefore, the correct value is always 
read. But, if the synchronous TM7IO is selected as the count clock source, CPU mode can- 
not return from STOP/HALT mode. 
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Setup Example 


mEvent Count Setup Example (Timer 7) 
If the falling edge of the TM7IO input pin signal is detected 5 times with using timer 7, an interrupt is 
generated. An example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 








Stop the counter. 
TM7MD1 (x'3F78') 
bp4 :TM7EN =0 


Set the special function pin to input 
mode. 
P1DIR (x'3F31') 
bp4 :P1DIR4 =0 


Select the condition for timer clear. 
TM7MD2 (x'3F79') 
bp5 :TM7BCR =1 


Select the count clock source. 
TM7MD1 (x'3F78') 
bp1-0 : TM7CK1-0 = 10 
bp3-2 : TM7PS1-0 = 00 


Set the count control flag 
TM7MD41 (x'3F78') 
bp6 :TM7CNC =0 


Set the interrupt generation cycle. 
TM7PRI1 (x'3F75', x'3F74')=x'0004' 





Set the TM7EN flag of the timer 7 mode register 
1 (TM7MD1) to "0" to stop timer 7 counting. 


Set the P1DIR4 flag of the port 1 direction 
control register (P1DIR) to "0" to set P14 pin to 
input mode. 

If it needs, pull-up resistor should be added. 

[@ Chapter 4 1/O Ports ] 


Set the TM7BCR flag of the timer 7 mode 
register 2 (TM7MD2) to "1" to select the 
compare match as a clear source of binary 
counter. 


Select the TM7IO input as a clock source by the 
TM7CK1-0 flag of the TM7MD1 register. Also, 
select 1/1(no division) as a count clock source 
by the TM7PS1-0 flag. 


Select the TM7EN flag to the timer 7 count 
control with the TM7CNC flag of the TM7MD1 
register. 


Set the interrupt generation cycle to the timer 7 
preset register 1 (TM7PR1). The set value 
should be 4, because the counting is 5 times. 
At that time, the same value is loaded to the 
timer 7 compare register 1 (TM7O0C1), and the 
timer 7 binary counter (TM7BC) is initialized to 
x'0000'. 
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Setup Procedure Description 
(7) Set the interrupt level. (7) Set the interrupt level by the TM7LV1-0 flag of 
TM7ICR (x'3FF1') the timer 7 interrupt control register (TM7ICR). 
bp7-6 ‘TM7LV1-0 = 10 If any interrupt request flag may be already set, 


clear those request flags. 
[€ Chapter 3 3-1-4. Interrupt Flag Setup ] 


(8) Enable the interrupt. (8) Set the TM7IE flag of the TM7ICR register to 
TM7ICR (x'3FF1') "{" to enable interrupt. 
bp1 > TM7IE =1 
(9) Start the event count. (9) Set the TM7EN flag of the TM7MD 1 register to 
TM7MD1 (x'3F78') "{" to start timer 7. 
bp4 :TM7EN =1 











Every time TM7BC detects the falling edge of the TM7IO input, TM7BC counts up from x'0000'. 
When the TM7BC reaches the setting value of the TM7O0C1 register, the timer 7 interrupt request 
flag is set at the next count clock, then the value of TM7BC becomes x'0000' and counting up is 
restarted. 
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7-5 16-bit Timer Pulse Output 


7-5-1 Operation 


TM7IO pin can output a pulse signal with an arbitrary frequency. 


16-bit Timer Pulse Output Operation (Timer 7) 


The timers can output 2 x cycle signal, compared to the setting value to the compare register 1 


(TM70C1) or 1/2 the frequency of the 16-bit full count. 


Output pin are as follows. 


Table 7-5-1 


Timer Pulse Output Pin 





Timer 7 





Pulse output pin 








(P14) 


TM7IO output | TM7O output 





(P11) 





Table 7-5-2 shows the timer interrupt generation sources and the flags that control the timer pulse output 


cycle. 


Table 7-5-2 16-bit Timer Interrupt Generation Source and Timer Pulse Output Cycle (Timer 7) 





TM7MD2 register 





TM7IRS1 flag TM7BCR flag 


Interrupt source 


Timer pulse output cycle 





1 1 


TM7OC1 compare match 


set value of TM70C1 x 2 











0 1 TM7OC1 compare match set value of TM70C1 x 2 
1 0 TM7OC1 compare match full count of TM7BC x 2 
0 0 full count over flow full count of TM7BC x 2 
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mCount Timing of Timer Pulse Output (Timer 7) 


TM7EN 
flag 


Compare ia Poot Eo 
register 1 : : : : : : 


sty Yeu fof) fon] 
counter 

Interrupt 

request flag 
TM7IO/TM70 output 


Figure 7-5-1 Count Timing of Timer Pulse Output (Timer 7) 


The TM7IO/TM70O pin outputs 2 x cycle, compared to the value in the compare register 1. If the 
binary counter reaches the compare register, and the binary counter is cleared to x'0000' or the full 
count overflow, the TM7IO/TM70O output (timer output) is inverted. The inversion of the timer output 
is changed at the rising edge of the count clock. This is happened to form the waveform inside to 
correct the output cycle. 





In the initial state after releasing reset, the timer pulse output is reset, and low output is fixed. 
Therefore, release the reset of the timer pulse output by setting the TM7CL flag of the 


TM7MD1 register to "0". 
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7-5-2 Setup Example 


Timer Pulse Output Setup Example (Timer 7) 

TM7IO pin (P14) outputs 50 kHz pulse by using timer 7. For this, select fosc as clock source, and set a 
1/2 cycle (100 kHz) for the timer 7 compare register (at fosc=20 MHz). 

An example setup procedure, with a description of each step is shown below. 








Setup Procedure Description 
(1) Stop the counter. (1) Set the TM7EN flag of the timer 7 mode 
TM7MD1 (x'3F78') register 1 (TM7MD1) to "0" to stop timer 7 
bp4 :TM7EN =0 counting. 


(2) Set the special function pin to output (2) Set the P1OMD4 flag of the port 1 output mode 


mode. register (P1OMD) to "1" to set P14 pin as the 
P1OMD (x'3F2F') special function pin. Set the P1DIR4 flag of the 
bp4 :P1OMD4 =1 port 1 direction control register (P1DIR) to "1" 
P1DIR (x'3F31') to set output mode. 
bp4 :PiDIR4 =1 If it needs, pull-up resistor should be added. 


[ « Chapter 4 1/O Ports ] 


(3) Set the timer pulse output. (3) Set the TM7PWM flag of the timer 7 mode 
TM7MD2 (x'3F79') register 2 (TM7MD2) to "0" to select the timer 
bp4 : TM7PWM =0 pulse output. 
(4) Select the condition for timer clear. (4) Set the TM7BCR flag of the TM7MD2 register 
TM7MD2 (x'3F79') to "1" to select the compare match as a clear 
bp5 :TM7BCR =1 source of a binary counter . 
(5) Select the count clock source. (5) Select fosc as an clock source by the 
TM7MD1 (x'3F78') TM7CK1-0 flag of the TM7MD1 register. 
bp1-0 : TM7CK1-0 = 00 Also, select 1/1 frequency as an count clock 
bp3-2 : TM7PS1-0 = 00 source by the TM7PS1-0 flag. 
(6) Set the count control flag (6) Select the TM7EN flag to the timer 7 count 
TM7MD1 (x'3F78') control with the TM7CNC flag of the TM7MD1 
bp6 :TM7CNC =0 register. 
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Setup Procedure Description 
(7) Set the timer pulse output cycle. (7) Setthe 1/2 frequency of the timer pulse output 
TM7PRI1 (X'3F75', X'3F74')=x'00C7' cycle to the timer 7 preset register 1 


(TM7PR1). To obtain 100 kHz by dividing 
20 MHz, set as follows ; 

200 - 1 = 199 (x'C7’') 
At that time, the same value is loaded to the 
timer 7 compare register 1 (TM7OC1) and the 
timer 7 binary counter (TM7BC) is initialized to 
x'0000'. 


(8) Release the reset of the timer pulse (8) Set the TN7CL flag of the TM7MD 1 register to 


output. "0" to enable the timer pulse output. 
TM7MD1 (x'3F78') 
bp5 :-TM7CL ==0 
(9) Start the timer operation. (9) Set the TM7EN flag of the TM7MD1 register to 
TM7MD1 (x'3F78') "1" to start timer 7. 
bp4 :TM7EN =1 











TM7BC counts up from x'0000'. If TM7BC reaches the set value of the TM7OC1 register and 
TM7BC is cleared to x'0000', the signal of the TM7IO output is inverted and TM7BC counts up from 
x'0000'", again. 





Ga At TM70C1 = x'0000' and x'0001', the timer pulse output has the same waveform. 











Either binary counter stops or operates, the timer output is "L", when the TM7CL flag of the 
TM7MD2 register is set to "1". 


Gd 
[7] Set the compare register value as follows. 
The compare register value = ASHE PUIG CHIDUREVEIS: 1 


The count clock cycle x 2 
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7-6 16-bit Standard PWM Output 


(Only duty can be changed consecutively) 


The TM7IO/TM7O/TM7PWM pins outputs the standard PWM output, which is determined by the over 
flow timing of the binary counter, and the match timing of the timer binary counter and the compare 
register. 


7-6-1 Operation 


16-bit Standard PWM Output (Timer 7) 
PWM waveform with an arbitrary duty is generated by setting a duty of PWM "H" period to the compare 
register 1 (TM7OC1). Its cycle is the time of the 16-bit timer full count over flow. 
Table 7-6-1 shows the PWM output pin. 
Table 7-6-1 PWM Output Pin 








Timer 7 
; TM7IO output pin | TM7O output pin TM7PWM output pin 
PWM output pin (P14) (P11) (P10) 




















™Count Timing of Standard PWM Output (at Normal)(Timer 7) 


TM7EN 
flag 


Compare 
register 1 


Binaly, \ 0000) 0001} - - - 4 N-1 N {vss){ns2)-----FereerF#\ 0000} 001 passe { N-1 \ N } N+ 
counter 
PWM source | ee | | ae 
waveform 

(A) 


(B) (C) 


TM7IO/TM70 | = 
<< 


/TM7PWM output 
(PWM output) Setup time for compare register 1 


Ni 





PWM basic component (overflow time of the binary counter) 
Figure 7-6-1 Count Timing of Standard PWM Output (at Normal) 


PWM source waveform, 
(A) shows "H" till the binary counter reaches the compare register from x'0000'. 
(B) shows "L" after the compare match, then the binary counter counts up till the over flow. 
(C) shows "H", again if the binary counter becomes overflow. 
The PWM output form pins is 1 count clock delay of PWM source waveform. This is happened to 
correct the output cycle. 
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@Count Timing of Standard PWM Output (when Compare Register 1 is x'0000')(Timer 7) 
Here is the count timing at setting x'0000' to the compare register 1. 


TM7EN 
flag 


Compare 
regsiter 1 


ss, \enonh—{oa} m fes)is) fren) fr 
counter 


Tu7iotm70. 4 
/TM7PWM output 
(PWM output) L 


Figure 7-6-2 Count Timing of Standard PWM Output (when Compare Register 1 is x'0000') 


:0000: 


PWM output shows "H ", when TM7EN flag is stopped (at "0"). 


@Count Timing of Standard PWM Output (when Compare Register 1 is x'FFFF')(Timer 7) 
Here is the count timing at setting x'FFFF' to the compare register 1. 


TM7EN 
flag 


Compare 
register 1 


soz, fele} Cal Serle) Fodor Cale Yr 
counter 

TM7IO/TM70 oe t—(“‘“‘i aS 
/TM7PWM output 


(PWM output) 


Figure 7-6-3 Count Timing of Standard PWM Output (when Compare Register 1 is x'FFFF') 





When the standard PWM output is operated, set the TM7BCR flag of the TM7MD2 register to 
"0" to select the full count over flow as a binary counter clear source and a PWM output setup 
("H" output) source. 








By setting the T7PWMSL flag of the TM7MD2 register, the TM7O0C1 compare match or the 
TM7OC2 compare match can be selected as a PWM output reset ("L" output) source. 


= = 
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7-6-2 Setup Example 


@Standard PWM Output Setup Example (Timer 7) 

The TM7IO output pin (P14) outputs the 1/4 duty PWM output waveform at 305.18 Hz with timer 7. The 
high frequency oscillation (fosc) is set to be operated at 20 MHz. One cycle of the PWM output waveform 
is decided by the overflow of a binary counter. "H" period of the PWM output waveform is decided by the 
set value of a compare register 1. 

An example setup procedure, with a description of each step is shown below. 


TM7IO output | | 


305.18 Hz 


Figure 7-6-4 Output Waveform of TM7IO Output Pin 








Setup Procedure Description 
(1) Stop the counter. (1) Set the TM7EN flag of the timer 7 mode 
TM7MD41 (x'3F78') register 1 (TM7MD1) to "0" to stop timer 7 
bp4 :TM7EN =0 counting. 


(2) Set the special function pin to output (2) Set the P1OMD4 flag of the port 1 output mode 


mode. register (P1OMD) to "1" to set the P14 pin asa 
P1OMD (x'3F2F') special function pin. Set the P1DIR4 flag of the 
bp4 :P1OMD4 =1 port 1 direction control register (P1DIR) to "1" 
P1DIR (x'3F31') to set output mode. Add pull-up resistor, if it 
bp4 :P1DIR4 =1 necessary. 


[ ¢ Chapter 4 1/O Ports ] 


(3) Set the PWM output. (3) Set the TM7PWM flag of the timer 7 mode 
TM7MD2 (x'3F79') register 2 (TM7MD2) to "1" to select the PWM 
bp4 : TM7PWM = 1 output. 
(4) Set the standard PWM output (4) Set the TM7BCR flag of the TM7MD2 register 
operation. to "0" to select the full count over flow as a 
TM7MD2 (x'3F79') binary counter clear source. 
bp5 :TM7BCR =0 
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Setup Procedure 


Description 








(5) Select the count clock source. 
TM7MD1 (x'3F78') 
bp1-0 : TM7CK1-0 = 00 
bp3-2 : TM7PS1-0 = 00 


(6) Set"H" period of the PWM output. 
TM7PRI1 (x'3F75', x'3F74')=x'4000' 


(7) Start the timer operation. 
TM7MD1 (x'3F78') 
bp4 :TM7EN =1 





(5) 


Select fosc at clock source by the TM7CK1-0 
flag of the TM7MD1 register. Also, select 1/1 
frequency (no division) at count clock source 
by the TM7PS1-0 flag. 


Set "H" period of the PWM output to the timer 7 
preset register 1 (TM7PR1). To be a 1/4 duty 
of the full count (65536), set as follows ; 
65536 / 4 = 16384 (x'4000') 
At that time, the same value is loaded to the 
timer 7 compare register 1 (TM7OC1) and the 
timer 7 binary counter (TM7BC) is initialized to 
x'0000". 


Set the TM7EN flag of the TM7MD1 register to 
"{" to start timer 7. 








TM7BC counts up from x'0000'. The PWM source waveform outputs "H" until TM7BC reaches the 
set value of the TM7OC1 register, then, after the match it outputs "L". After that, TM7BC continues 
to count up, once overflow happens, the PWM source waveform outputs "H" again, and TM7BC 
counts up from x'0000'", again. TM7IO pin outputs one count clock delay of the PWM source wave- 


form. 








In the initial state of the PWM output, it is changed to "H" output from "L" output as the PWM 
operation is selected by the TM7PWM flag of the TM7MD2 register. 
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7-7 16-bit High Precision PWM Output 
(Cycle/Duty can be changed consecutively) 


The TM7IO/TM70/TM7PWM pins output high precision PWM output, which is determined by the match 
timing of the timer binary counter and the compare register 1 and the match timing of the binary counter 
and the compare register 2. 


7-7-1 Operation 


16-bit High Precision PWM Output Operation (Timer 7) 

The PWM waveform with any cycle/duty is generated by setting the cycle of PWM to the compare 
register 1 (TM7OC1) and setting the duty of the "H" period to the compare register 2 (TM7OC2). The 16- 
bit timer that high precision PWM output operation function can be used is timer 7. 


@Count Timing of High Precision PWM Output (at Normal) (Timer 7) 


TM7EN 
flag 


Compare : ; : : Pon! 
register 1 : : : : : : 


Compare ; M 
register 2 H H H 


pnely \oooof0001}---- M-1 \ M }M+t}M+2}----4 N-1} N fooooooo1}---- m-1} mY Mat 
counter 

PWM source Po 
waveform 








(A) (B) (C) 
TM7IO/TM70 
/TM7PWM output 
(PWM output) <—___________> 


Set time in the compare register 2 


PWM basic component (Set time in the compare register 1) 


Figure 7-7-1 Count Timing of High Precision PWM Output (at Normal) 


PWM source waveform, 
(A) is "H" until the binary counter reaches the compare register from x'0000". 
(B) is "L" after the TM7OC2 compare match, then the binary counter counts up till the 
binary counter reaches the TM7O0C1 compare register to be cleared. 
(C) is "H", again if the binary counter is cleared. 
The PWM output from pin is 1 count clock delay of PWM source waveform. This is happened to form 
inside to correct the output cycle. 


VII - 30 16-bit High Precision PWM Output 


Chapter 7 16-bit Timer 


@Count Timing of High Precision PWM Output (When compare register 2 is x'0000'l) (Timer 7) 
Here is the count timing as the compare register 2 is set to x'0000' ; 


Count 
clock 


TM7EN 
flag 





Compare 
register 1 


Compare 
register 2 


Bina {0000} ooo ee {N-1} N {0000} 0001}-----------------+: 
counter 

TM7IO/TM70_ -H 

/TM7PWM output 

(PWM output) L 

Figure 7-7-2. Count Timing of High Precision PWM Output 


(When compare register 2 is x'0000') 
When the TM7EN flag is stopped (at "0"), the PWM output signal is "H". 


0000 





@Count Timing of High Precision PWM Output (at compare register 2 = compare register 1) (Timer 7) 
Here is the count timing as the compare register 2 is set the same value to the compare register 1 ; 


Count 
clock 


TM7EN 
flag 


Compare 
register 1 


Compare 
register 2 


alee 0000\ 0001} - -------------------------- n-1 N Yoooo\ooot}------------------ 
counter 

TM7IO/TM70 

/TM7PWM output 


(PWM output) 





Figure 7-7-3 Count Timing of High Precision PWM Output 
(at compare register 2=compare register 1) 


For the high precision PWM output, set the TMBCR flag of the TM7MD2 register to "1" to 

select the TM70C1 compare match as a clear source of the binary counter and as a setup 
("H" output) source of the PWM output. Also, set the T7PWMSL flag to "1" to select the 
TM70C2 compare match as a reset ("L" output) source of the PWM output. 
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7-7-2 Setup Example 


BHigh Precision PWM Output Setup Example (Timer 7) 

The TM7IO output pin (P14) outputs the 1/4 duty PWM output waveform at 400 Hz with timer 7. Select 
fosc/2 (at fosc = 20 MHz) as a clock source. One cycle of the PWM output waveform is decided by the 
set value of a compare register 1. "H" period of the PWM output waveform is decided by the set value of 
a compare register 2. 

An example setup procedure, with a description of each step is shown below. 


TM7IO output | | 


400 Hz 





Figure 7-7-4 Output Waveform of TM7IO Output Pin 








Setup Procedure Description 
(1) Stop the counter. (1) Set the TM7EN flag of the timer 7 mode 
TM7MD1 (x'3F78') register 1 (TM7MD1) to "0" to stop timer 7 
bp4 :TM7EN =0 counting. 


(2) Set the special function pin to output (2) Set the P1OMD4 flag of the port 1 output mode 


mode. register (P1OMD) to'"1" to set the P14 pinasa 
P1OMD (x'3F2F') special function pin. Set the P1DIR4 flag of the 
bp4 -~P1OMD4 =1 port 1 direction control register (P1DIR) to "1" 
P4DIR (x'3F31') for output mode. 
bp4 :P1DIR4 =1 Add pull-up resistor, if it necessary. 


[¢@ Chapter4 l/O Ports ] 


(3) Set the PWM output. (3) Set the TM7PWM flag of the timer 7 mode 
TM7MD2 (x'3F79') register 2 (TM7MD2) to "1" to select the PWM 
bp4 : TM7PWM = 1 output. 


(4) Set the high precision PWM output (4) Set the TM7BCR flag of the TM7MD2 register 


operation. to "1" to select the TM70C1 compare match 
TM7MD2 (x'3F79') as a clear source of binary counter. 
bp5 :TM7BCR =1 Also, set the T7PWMSL flag to "1" to select the 
bp6 : T7PWMSL = 1 TM7OC2 compare match as a duty decision 


source of the PWM output. 
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Setup Procedure 


Description 








Select the count clock source. 
TM7MD1 (x'3F78') 
bp1-0 : TM7CK1-0 = 00 
bp3-2 : TM7PS1-0 = 01 


Set the count control flag 
TM7MD1 (x'3F78') 
bp6 :TM7CNG =0 


Set the PWM output cycle. 
TM7PR1 (x'3F75',x'3F74') = x'61a7' 


Set the "H" period of the PWM 
output. 
TM7PR2 (x'3F7D',x'3F7C')=x'186a' 


Start the timer operation. 
TM7MD1 (x'3F78') 
bp4 >TM7EN =1 





Select fosc as clock source by the TM7CK1-0 
flag of the TM7MD1 register. Also, select 1/2 
dividing as count clock source by the TM7PS1- 
0 flag. 


Select the TM7EN flag to the timer 7 count 
control with the TM7CNC flag of the TM7MD1 
register. 


Set the PWM output cycle to the timer 7 preset 
register 1 (TM7PR1). To obtain 400 Hz by di- 
viding 10 MHz, set as follows : 

25000 - 1 = 24999 (x'61a7’') 
At that time, the same value is loaded to the 
timer 7 compare register 1 (TM7OC1), and the 
timer 7 binary counter (TM7BC) is initialized to 
x'0000". 


Set the "H" period of the PWM output to the 

timer 7 preset register 2 (TM7PR2). To be a 

1/4 duty of 25000 dividing, set as follows ; 
25000 / 4 = 6250 (x'186a’) 

At that time, the same value is loaded to the 

timer 7 compare register 2 (TM7OC2). 


Set the TM7EN flag of the TM7MD1 register to 
"{" to start timer 7. 





16-bit Timer 








TM7BC counts up from x'0000'. The PWM source waveform outputs "H" until TM7BC matches the 
set value of the TM7OC2 register. Once they matches, it outputs "L". After that, TM7BC continues to 
count up, once TM7BC matches the TM7OC1 register to be cleared, the PWM source waveform 
outputs "H" again and TM7BC counts up from x'0000' again. TM7IO pin outputs one count clock 
delay of the PWM source waveform. 


ad 
7} 





In the initial state of the PWM output, it is changed from "L" output to "H" output as the PWM 
output is selected by the TM7PWM flag of the TM7MD register. 








Set as the set value of TM7OC2 < the set value of TM7OC‘1. If it is set as the set value of 
TM70C2 > the set value of TM70C1, the PWM output is a "H" fixed output. 
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7-8 16-bit Timer Capture 


7-8-1 Operation 


The value of a binary counter is stored to register at the timing of the external interrupt input signal, or the 
timing of writing operation with an arbitrary value to the capture register. 


Capture Operation with External Interrupt Signal as a Trigger (Timer 7) 

Capture trigger of input capture function is generated at the external interrupt signal that passed through 
the external interrupt interface block. The capture trigger is selected by the timer 7 mode register 2 
(TM7MD2) and the external interrupt control register (IRQOICR, IRQ1ICR, IRQ2ICR, IRQ3ICR). 

Here are the capture trigger to be selected and the interrupt flag setup. 


Table 7-8-1 Capture Trigger 


Timer 7 mode External interrupt n control Both edges interrupt ; 
Capture trigger source register 2 register (IRQnICR) control register (EDGDT) | Interrupt starting edge 


of external interrupt n 
T7ICT1-0| T7ICEDG REDGn (bp5) EDGSEL1 | EDGSELO 


IRQO falling ed 00(IRQ0) 1 eee Dee aa IRQO falling edge 
alling edge 
| = - [ts] RO both edges | both edges 
IRQO rising ed 00(IRQ0) 1 ee ie IRQO rising edge 
rising eage 
| - | ts] RO bothedges _| both edges 
| = | oT Rao tating edge 


IRQO both edges 
IRQ1 Ceciaea | edge 
IRQ1 falling edge 


IRQ1 both | IRQ1 bothedges _| 











IRQ1 rising edge 
IRQ1 rising edge 1(IRQ1) 
IRQ1 both edges 


IRQ1 falling edge 
IRQ1 both edges 


IRQ2 falling edge 10(IRQ2) 
IRQ2 rising edge 10(IRQ2) IRQ2 rising edge 


| - | IRQ2 falling edge 

IRQ2 both edges 10(IRQ2) 
IRQ2 rising edge 
IRQ3 falling edge 11(IRQ3) IRQ3 falling edge 


IRQ1 rising edges 
IRQ1 both edges 
IRQ2 falling edge 





IRQ3 rising edge 11(IRQ3) IRQ3 rising edge 


IRQ3 falling edge 
IRQ3 both edges 11(IRQ3) 


IRQ3 rising edge 
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An interrupt request and a capture trigger are generated at switching the valid edge of an external 
interrupt by program, when the setup is as follows ; 

(1) at switching the valid edge from the falling to the rising, when the interrupt pin is "H" level. 

(2) at switching the valid edge from the rising to the falling, when the interrupt pin is "L" level. 
This is not happened, if the interrupt edge is switched after the generation of an valid edge interrupt set 
in advance. But when the both edges interrupt function is used, this may be happened. Be sure to 
consider the noise influence for operation of the interrupt flag on program. 

[ € Chapter 3 3-3-4. Programmable active Edge Interrupt ] 


mCapture Count Timing at a Both Edges of External Interrupt Signal is selected as a Trigger (Timer 7) 


TM7EN 
flag 


Compare 
register 


Binary a000| 0001) bee o111 (or 12}ors9 0114}---- 45555)5556 5667} ssa} {iw 
counter 

External 

interrupt m 

Capture 

trigger 

Capture 

register 0000 0111 0114 5555 5558 


Figure 7-8-1 Capture Count Timing at an External Interrupt Signal is selected as a Trigger 
(Timer 7) 


Ni 


A capture trigger is generated at the both edges of the external interrupt m input signal. At the same 
timing, the value of a binary counter is stored to the input capture register. That value is decided by the 
value of a binary counter at the falling edge of a capture trigger. When the specified edge is selected as 
a capture trigger generation source, a capture trigger is generated at the interrupt generation specified 
edge, only. The other count timing is same to the count timing of the timer operation. 








© When the binary counter is used as a free counter that counts x'0000' to x'FFFF', set the 
compare register 1 to x'FFFF', or set the TM7BCR flag of the TM7MD2 register to "0". 














© Even if a capture trigger is generated before the value of the input capture register is read 
out, the value of the input capture register can be rewritten. 
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16-bit Timer 








In the initial state after releasing the reset, the generation of trigger by the external interrupt 
signal is disabled. Set the T7ICEN flag of the TM7MD2 register to "1" to enable the trigger 


generation. 








™Capture Operation that the writing to program is selected as a Trigger (Timer 7) 
A capture trigger can be generated by writing an arbitrary value to the input capture register (TM7IC), 
and at the same timing, the value of the binary counter can be stored to the input capture register. 


TMnEN 
flag 


Compare hrs ses ft be one as 
register : : H : : : 


Poy a000| 0001) --- 40111 or 2}or13 0114}---- 45555\5556 (55575509 {naw 
counter 

System 

clock 

Capture trigger 

(Synchronous to 

writing signal) 

Capture 

register \ 0000 0114 5558 


Figure 7-8-2 Capture Count Timing 
with a Writing Signal to Program as a Trigger (Timer 7) 


A capture trigger is generated at the writing signal to the input capture register. The writing signal is 
generated at the last cycle of the writing instruction. At this timing, the value of the binary counter is 
stored to the input capture register. That value is decided by the value of the binary counter at the 
falling edge of the capture trigger. The other timing is same to the timer operation. 





The writing to the input capture register to generate a capture trigger should be done with a 8- 
bit access instruction to the TM7ICL register or the TM7ICH register. 
At this time, data is not actually written to the TM7IC register. 


= 











On hardware, there is no flag to disable the capture operation with the writing operation to the 
software as a trigger. Capture operation is enabled, regardless of the T7ICEN flag of the 
TM7MD2 register. 


= 
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Capture Function Setup Example (Timer 7) 


Chapter 7 


Pulse width measurement is enabled by storing the value of the binary counter to the capture register at 
the interrupt generation edge of the external interrupt 0 input signal with timer 7. The interrupt generation 


edge is specified to be the rising edge. 


An example setup procedure, with a description of each step is shown below. 


interrupt 


interrupt 


External interrupt 2 | 
IRQ2 input 


<> 
Pulse width to be measured 


Figure 7-9-3 Pulse Width Measurement of External Interrupt 0 





Setup Procedure 


Description 





(1) Stop the counter. 
TM7MD1 (x'3F 78’) 
bp4 > TM7EN =0 


(2) Select the condition for timer clear. 
TM7MD2 (x'3F79') 
bp5 :TM7BCR =1 


(3) Select the count clock source. 
TM7MD1 (x'3F78') 
bp1-0 : TM7CK1-0 = 00 
bp3-2 : TM7PS1-0 = 00 


(4) Set the count control flag 
TM7MD1 (x'3F78’') 
bp6 :TM7CNC =0 


(5) Select the capture trigger generation 
interrupt source. 
TM7MD2 (x'3F79') 
bp1-0 : T7ICT1-0 = 00 


(6) Select the interrupt generation valid 


edge. 
IRQ2ICR (x'3FE4') 
bp5 :REDG2 =1 








(1) 


Set the TM7EN flag of the timer 7 mode 
register 1 (TM7MD1) to "0" to stop timer 7 
counting. 


Set the TM7BCR flag of the timer 7 mode 
register 2 (TM7MD2) to "1" to select the 
compare match as a clear source of binary 
counter. 


Select fosc as clock source by the TM7CK1-0 
flag of the TM7MD1 register. And select 1/1 
(no dividing) of fosc as count clock source by 
the TM7PS1-0 flag. 


Select the TM7EN flag to the timer 7 count 
control with the TM7CNC flag of the TM7MD1 
register. 


Select the external interrupt 0 (IRQO) input as 
a generation source of capture trigger by the 
T7ICT1-0 flag of the TM7MD2 register. 


Set the REDG2 flag of the external interrupt 2 
control register (IRQ2ICR) to "1" to select the 
rising edge as the interrupt generation valid 
edge. 
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Setup Procedure 


Description 





(7) Select the capture trigger generation 


edge. 
TM7MD2 (x'3F79') 
bp7 :T7ICEDG = 1 


(8) Set the compare register. 
TM7PR1(x'3F75',x'3F74') = x'FFFF' 


(9) Set the interrupt level. 
IRQ2ICR (x'3FE4') 
bp7-6 : IRQ2LV1-0= 10 


(10) Enable the interrupt. 
IRQ2ICR (x'3FE4') 
bp1 -IRQ2IE = 1 


(11) Enable the capture trigger 


generation. 
TM7MD2 (x'3F79') 
bp2 :T7ICEN =1 


(12) Start the timer operation. 
TM7MD1 (x'3F78') 
bp4 :TM7EN =1 








Set the T7ICEDG flag of the TM7MD2 register 
to "1" to select the external interrupt valid edge 
as a generation source of capture trigger. 


Set the timer 7 preset register 1 (TM7PR1) to 
x'FFFF'. At that time, the same value is loaded 
to the timer 7 compare register 1 (TM7O0C1), 
and the timer 7 binary counter (TM7BC) is 
initialized to x'0000". 


Set the interrupt level by the IRQ2LV1-0 flag of 
the IRQ2ICR register. If any interrupt request 

flag may be set already, clear them. 

[ ¢ Chapter 3 3-1-4. Interrupt Flag Setup ] 


(10) Enable the interrupt by setting the IRQ2IE flag 


of the IRQ2ICR register to "1". 


(11) Enable the capture trigger generation by 


setting the T7ICEN flag of the TM7MD2 
register to "1". 


(12) Set the TM7EN flag of the TM7MD1 register to 


"{" to start timer 7. 





TM7BC counts up from x'0000'. At the timing of the rising edge of the external interrupt 2 input 
signal, the value of TM7BC is stored to the TM7IC register. And at that time, the pulse width between 
rising edges of the external interrupt input signal can be measured by reading the value of TM7IC 
register by the interrupt service routine, and by calculating the margin of the capture values (the 


values of the TM7IC register). 
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7-9 Remote Control Carrier Output 


7-9-1 Operation 
Carrier pulse for remote control can be generated. 


Operation of Remote Control Carrier Output (Timer 7) 

Remote control carrier pulse is based on PWM output signal of timer 7. Duty cycle is selected from 1/2, 
1/3 and base timer output. RMOUT (P10) outputs remote control carrier output signal. 

There are two ways for remote control output; 1. use program 2. use generation of timer 2 interrupt 
request to enable timer 7 activation and remote control carrier output by hardware. 


Base period set by timer 


Base 

timer output 

(timer output 

RMOUT | | | | | | | L 


(base timer 


output) 
RMOUT 


(1/2 duty) 


RMOUT | | 


(1/3 duty) 


Figure 7-9-1 Duty Cycle of Remote Control Carrier Output Signal 


@Count Timing of Remote Control Carrier Output by Program (Timer 7) 


Base 
timer output 


Output ON 
RMOEN 
Output OFF 
(A) Enabled by program (B) Disabled by program 
RMOUT 
(1/3 duty) 
(C) 


Figure 7-9-2 Count Timing of Remote Conirol Carrier Output by Program 


(Timer 7) 
(A) Set "1" to RMOEN flag by program to enable remote control carrier output. 
(B) Set "0" to RMOEN flag by program to disable remote control carrier output. 
(C) Even if the RMOEN flag is off when the carrier output is high, the carrier waveform is held 


by the synchronizing circuit. 
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Gd Before the RMOEN flag is switched to on, set the P1OMDO0 flag of the P1OMD register to "1". 


After it is switched to off, set it to "0". 











Ga When the RMOEN flag is changed, do not change the base cycle and its duty at the same 





time. If they are changed at the same time, the carrier wave form is not output properly. 











™Count Timing of Remote Control Carrier Output by Hardware (1/3 duty) (timer 7) 
Set out below are how to enable timer 7 activation and remote control carrier output with generation of 
timer 2 interrupt request using hardware and select 1/3 duty for remote control output. 


Timer2 

interrupt request | 

TM2IRQ | | 
t¢ | | 

RTM7EN ng \ 

flag | | 


in enable by hardware C)disable by hardware | 


Timer base cycle 
(TM7PWM output) 

Output ON ml 
RMOEN 

Output OFF 


(A)enable by hardware (B)disable by hardware 








RMOUT 
(TM7PWM output) 


(D) 


Figure 7-9-3 Count Timing of Remote Control Carrier Output by Hardware 
(1/3 duty) (timer 7) 


(A) When TM2IRQ interrupt request flag is set RTM7EN and RMOEN flags of TM7MD1 and 
RMCTR registers are set to "1" and timer 7 counting is started and remote carrier output 
becomes ON. 

But the first "H" period of carrier output is shorter for half clock of timer 7 count clock source. 
For example, it becomes shorter for 31.25 ns at count clock source fosc=16 MHz. 

(B) | Set"0" to RMOEN flag by program to OFF the remote control carrier output. 

(C) | Set"0" to RTM7EN flag by program to stop timer 7 counting after carrier output becomes "L". 

(D) Even if the RMOEN flag is off when the carrier output is high, the carrier waveform is held 
by the synchronizing ci 

(E) Clear timer 7 binary counter before next TM2IRQ interrupt request is set. 
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#Count Timing of Remote Control Carrier Output by Hardware (any duty) (timer 7) 

Set out below are how to enable timer 7 activation and remote control carrier output with generation of 
timer 2 interrupt request using hardware and select base timer output as remote control output duty to 
output given duty of timer 7 PWM output as a remote control carrier output. 


Timer2 
interrupt request 
TM2IRQ | | 


| 


RTM7EN Ho | 
flag | 


if] enable by hardware C)disable by hardware | 


Timer base cycle 
(TM7PWM output) 

Output ON 
RMOEN 

Output OFF 


(A)enable by hardware (B)disable by hardware 








RMOUT 
(TM7PWM output) 


(D) 


Figure 7-9-3 Count Timing of Remote Control Carrier Output by Hardware 
(any duty) (timer 7) 


(A) | When TM2IRQ interrupt request flag is set RTM7EN and RMOEN flags of TM7MD1 and 
RMCTR registers are set to "1" by hardware and timer 7 counting is started and remote 
carrier output becomes ON. 

But the first "H" period of carrier output is shorter for half clock of timer 7 count clock source. 
For example, it becomes shorter for 31.25 ns at count clock source fosc=16 MHz. 

(B) Set"0" to RMOEN flag by program to OFF the remote control carrier output. 

(C) Set"0" to RTM7EN flag by program to stop timer 7 counting after carrier output becomes "L". 

(D) Even if the RMOEN flag is off when the carrier output is high, the carrier waveform is held 
by the synchronizing ci 

(E) Clear timer 7 binary counter before next TM2IRQ interrupt request is set. 


If RMETN2 flag of Remote control carrier output control register (RMCTR) is set to "1" during 
timer 2 operation, RMOEN and RTM7EN flag are set every time timer 2 interrupt request is 
generated. 


Also note that if timer 2 interrupt is enabled, interrupt is accepted every time TM2IRQ is 
generated. 
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7-9-2 Setup Example 


mRemote Control Carrier Output Setup Example Using Program (Timer 7) 

Here is the setting example that the RMOUT pin outputs the 1/3 duty carrier pulse signal with "H" period 
of 27.2 us (36.7 kHz), by using timer7 PWM output. The source clock of timer 7 is set to fosc (at 8 MHz). 
An example setup procedure, with a description of each step is shown below. 


Base cycle of Timer7 


Base cycle 
of timer 


27.2 1s(36.7 kHz) 


<_ 


(TM7PWM sifeasl Sep el esl se et ol 


RMOUT output 
(1/3 duty) 


Figure 7-9-4 Output Wave Form of RMOUT Output Pin 





Setup Procedure 


Description 





(1) Disable the remote control carrier 


output. 
RMCTR (x'3F6E’) 
bp3 :RMOEN =0 


(2) Select the base cycle setting timer. 
RMCTR (x'3F6E’) 
bp0 : RMBTMS =0 


(3) Select the carrier output duty. 
RMCTR (x'3F6E’) 
bp2,1 : RMDTY1,0= 1 


(4) Stop the counter. 
TM7MD1 (x'3F78') 
bp4 > TM7EN =0 


(5) Set the remote control carrier output of 
the special function pin. 
P1OMD (x'3F2F') 





bpo -P1OMDO =1 
P1DIR (x'3F31') 
bpo :P1DIRO =1 
RMCTR (x'3F6E') 
bp4 ‘TM7RM_ = 1 





Set the RMOEN flag of the remote control 
carrier output control register (RMCTR) to "0" 
to disable the remote control carrier output. 


Set the RMBTMS flag of the RMCTR register 
to "0" to set the timer as a base cycle setting 
timer. 


Set the RMDTY1, 0 flag of the RMCTR register 
to "0,1" to select 1/3 duty. 


Set the TM7EN flag of the timer 7 mode 
register (TM7MD1) to stop the timer 7 count 


ing. 


Set the P1OMDO0 flag of the port 1 output mode 
register (P1OMD) to "1" to set P10 pin as a 
special function pin. 

Set the P1DIRO flag of the port 1 direction 
control register (P1DIR) to "1" for output mode. 
Set the TMORM flag of the RMCTR register to 
"1" to select the remote control carrier output. 
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Setup Procedure Description 
(6) Set the timer 7. (6) 
Set the PWM output. Set the TM7PWM flag of the timer 7 mode 
TM7MD2 (x'3F79') register 2 (TM7MD2) to "0" to select PWM 
bp4 > TM7PWM = 1 output. 
Set the high precision output. Set the TM7BCR flag of the TM7MD2 regis- 
TM7MD2 (x'3F79') ter to "1" to select TM70C1 compare match 
bp5 :TM7BCR =1 as a Clear source of the binary counter. 
bp6 : T7PWMSL = 1 Also set"1" to the T7PWMSL flag to select 


TM7OC2 compare match as a duty determin- 
ation source of PWM output. 


Select count clock souece Select fosc as a clock source with TM7CK1-0 
TM7MD1 (x'3F78') flag of the TM7MD1 register. 
bp1-0 : TM7CK1-0 = 00 Also select 1/1 frequency (no division) as a 
bp3-2 :T7PS1-0 =00 count clock source with TM7PS1-0 flag. 
Sey the PWM output cycle. Set the base cycle of remote control carrier by 
TM7PRI1 (x'3F75', x'3F74')= x'00D9' writing x'00D9' to the timer 7 preset register 1 
(TM7PR1). To obtain 36.7 kHz by dividing 8 
MHz, set as; 


(8 MHx/36.7 kHz)-1 = 217 (x'D9) 
At this time, the same value is loaded to timer 
7 compare regoster 1 (TM70C71) to initialize 
timer 7 binary counter (TM7BC) to x'0000'. 


Set the "H" period of the PWM output. Set the value of the "H" period of PWM output 
TM7PR2 (x'3F7D', x'3F7C')= x'0010' to timer 7 preset register 2 (TM7PR2). 
Though this duty setting of PWM output does 
not affect remote control carrier output, set the 
TM7PR2 register any smaller value than the 
set value of the TM7PR1 register (x'0010' in 
this setup example). 


(7) Start the timer operation. (7) Set"1" to the TM7EN flag of the TM7MD1 reg- 
TM7MD1 (x'3F78') ister to start timer 7. 
bp4 :TM7EN =1 
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Setup Procedure Description 
(8) Enable the remote control carrier (8) Set the RMOEN flag of the RMCTR register to 
output. "1" to enable the remote control carrier output. 
RMCTR (x'3F6E') 
bp3 :RMOEN =1 








TM7BC counts up from x'00'. Timer 7 outputs the base cycle pulse set in TM7PR1. Then, the 1/3 
duty remote control carrier pulse signal is output. If the RMOEN flag of the RMCTR register is set to 
"0", the remote control carrier pulse signal output is stopped. 
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mRemote Control Carrier Output Setup Example Using Hardware (Timer 7) 

Here is the setting example that the RMOUT pin outputs the 2/3 duty carrier pulse signal with "H" period 
of 1.25 us (800 kHz), by using timer7 PWM output. 

Timer 2 interrupt is used for the acceptance of the remote control carrier output. Hardware accepts 
carrier output in every 20 us (50 kHz) cycle, which is setup in timer 2. 

The source clock of timer 2 and 7 is set to fosc (at 8 MHz). 

An example setup procedure, with a description of each step is shown below. 


Timer 2 interrupt request frequency 


20 t1s(50 kHz) 
Timer 2 
interrupt request 
TM2IRQ 
| | 
RTM7EN tq | 
flag | | 


disable by program 
| 
Base cycle | | 


of timer 
(TM7PWM output) 
OututON _ 
utu 2 
Output OFF 


enable by program disable by program 


enable by program 





RMOEN 


RMOUToutput 
(TM7PWM output) 


_ 


1.25 us(800 kHz) 


> 
1.88 s(533 kHz) 


Figure 7-9-5 Output Wave Form of RMOUT Output Pin 





Setup Procedure Description 








Select the base cycle setting timer. 


RMCTR (x'3F6E') 
bp0 :RMBTMS =0 


Select the carrier output duty. 
RMCTR (x'3F6E’') 
bp2,1 : RMDTY1,0= 1 


Stop the counter. 
TM7MD1 (x'3F78') 
bp4 :TM7EN =0 


RMCTR (x'3F6E’) 
bp5 :RTM7EN =0 


TM2MD (x'3F5C’') 
bp3 :TM2EN =0 





(1) Disable the remote control carrier (1) Set the RMOEN flag of the remote control 
output. carrier output control register (RMCTR) to "0" 
RMCTR (x'3F6E') to disable the remote control carrier output. 
bp3 :RMOEN =0 


Set the RMBTMS flag of the RMCTR register 
to "0" to set the timer as a base cycle setting 
timer. 


Set the RMDTY1, 0 flag of the RMCTR register 
to "0,1" to select 1/3 duty. 


Set the TM7EN flag of the timer 7 mode 
register (TM7MD1) to stop the timer 7 count 
ing. 

Also, set "0" to the TM2EN flag of the timer 2 
mode register (TM2MD) to halt the timer 2 
counting. 
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Setup Procedure 


Description 








(5) Select the timer 7 count control factor. 


TM7MD1 (x'3F78’) 
bp6 :TM7CNC =1 


(6) Set the special function pins to re- 
mote control carrier output. 
P1OMD (x'3F2F') 


bpo :P1OMDO =1 
P1DIR (x'3F31') 

bpo :P1DIRO =1 
RMCTR (x'3F6E') 

bp4 :TM7RM = 14 


(7) Set the timer 2. 
Select normal timer operation. 
TM2MD (x'3F5C’') 
bp4 : TM2PWM =0 
bp5 :TM2MOD =0 


Select the count clock source. 
TM2MD (x'3F5C’') 
bp2-0 : TM2CK2-0 = 000 


Set the interrupt generation cycle. 
TM2OC (x'3F5A’) = Xx'QF' 


Disable the interrupts 
TM2ICR (x'3FEB') 
bp1 : TM2IE =0 
(8) Set the timer 7. 
Set the PWM output. 
TM7MD2 (x'3F79') 
bp4 > TM7PWM = 1 





(5) 


Set the TM7CNC flag of the timer 7 mode reg- 
ister 1 (TM7MD1) to "1" to select RTM7EN as 
a count control factor of timer 7. 


Set the P1OMD0 flag of the port 1 output 
mode register (P1OMD) to "1" to set P10 pin 
as a special function pin. 

Set the P1DIRO flag of the port 1 direction 
control register (P1DIR) to "1" for output 
mode. Set the TM7RM flag of the RACTR 
register to "1" to select the remote control car- 
rier output. 


Set the TM2PWM and TM2MOD flags of the 
TM2MD register to "0" to select normal timer 
operation. 


Set the TM2CK2-0 flag of the TM2MD register 
to select fosc as a clock source. 


Set the value of the interrupt generation cycle 
to the timer 2 compare register (TM2O0C). The 
set value is 59 (x'9F) for 160 dividing. 

At the same time, the timer 2 binary counter 
(TM2BC) is initialized to x'00". 


Set the TM2IE flag of the timer 2 interrupt con- 
trol register (TM2ICR) to "0" to disable inter- 
rupts. 


Set "1" to the TM7PWM flag of the timer 7 
mode register 2 (TM7MD2) to select PWM 
output. 
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Setup Procedure 


Description 








Set the high precision output. 
TM7MD2 (x'3F79') 

bp5 :TM7BCR =1 

bp6 : T7PWMSL = 1 


Select count clock souece 
TM7MD1 (x'3F78') 
bp1-0 : TM7CK1-0 = 00 
bp3-2 :T7PS1-0 =00 


Set the PWM output cycle. 
TM7PRI1 (x'3F75', x'3F74')= x'000E' 


Set the "H" period of the PWM output. 


TM7PR2 (x'3F7D', x'3F7C')= x'000A' 


(9) Set the TM2IRQ by hardware 
RMCTR (x'3F6E') 

bp6 :RMETM2 =1 

(10) Start the timer 2 operation. 
TM2MD (x'3F5C') 


bp3 :TM2EN =1 





(10 


— 


Set the TM7BCR flag of the TM7MD2 register 
to "1" to select TM70C1 compare match as a 
clear source of the binary counter. 

Also set "1" to the T7PWMSL flag to select 
TM7OC2 compare match as a duty determi- 
nation source of PWM output. 


Select fosc as a clock source with TM7CK1-0 
flag of the TM7MD1 register. 

Also select 1/1 frequency (no division) as a 
count clock source with TM7PS1-0 flag. 


Set the value of the PWM output cycle to the 

timer 7 preset register 1(TM7PR1). To obtain 

533 kHz by dividing 8 MHz, set as; 
15-1=14(x'000E') 

At this time, the same value is loaded to timer 

7 compare regoster 1 (TM7OC1) to initialize 

timer 7 bynary counter (TM7BC) to x'0000'. 


Set the value of the "H" period of PWM output 

to timer 7 preset register 2 (TM7PR2). 

To set 2/3 duty of 15 dividing set as; 
15x2/3=10(x'000A') 

At this time, the same value is loaded to timer 

7 compare regoster 2 (TM7O0C2). 


Set the RMETM2 flag of the RMCTR register 
to "1" to select that the RMOEN and RTM7EN 
flags are set by TM2IRQ through hardware. 


Set "1" to the TM2EN flag of the TM2MD reg- 
ister to start timer 2. 





Remote control carrier output 


16-bit Timer 
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When timer 2 interrupt request TM2IRQ is generated, the RMOEN and RTM7EN flags are set to "1". 
This accepts the remote control carrier output and TM7BC counts up from x'00'. Timer 7 outputs the 
the PWM output with duty set in TM7PR1 and with cycle set in TM7PR2, and then the PWM output 
is output as remote control carrier pulse output. 

After remote control carrier output with aimed pulse, following two setups should be done by pro- 
gram. 


(1) Clear the RMOEN flag to "0" to stop the remote control carrier output. 

(2) Afrer confirming that the remote control carrier output became "L", clear the RTM7EN flag to "0" 
to stop the timer 7 count operation. 

(3) Write to the TM7PR1 register again to clear the timer 7 binary counter. 


When next TM2IRQ is generated, RMOEN and RTN7EN flags are set to "1" by the hardware, and 
remote control carrier output is started again. 
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8-1 Overview 


This LSI has a time base timer and a 8-bit free-running timer (timer 6). 
Time base timer is a 15-bit timer counter. These timers can stop the timer counting only at stand-by 


mode (STOP mode). 


8-1-1 Functions 


Table 8-1-1 shows the clock sources and the interrupt generation cycles used for timer 6 and time base 














timer. 
Table 8-1-1 Clock Source and Generation Cycle 
: Timer 6 
ienose tuner (8-bit free-running timer) 
8-bit timer operation . V 
Interrupts / source TBIRQ TM6IRQ 
fosc 
fx 
fs 
fosc fosc X 1/2"? (*"! 
Clock source fc eo ye fe 
fx X 1/212 (*? 


) 
fx X 1/2°3(*2) 





fosc X 1/2? (*" 
fosc X 1/28 (*" 
fosc X 1/29 (*" 


VI - 2 


Interrupt generation 
cycle 





fs : System clock [ 





fosc X 1/2" (*1 


) 
) 
) 
fosc X 1/2'° (*") 
) 
fosc X 1/2" (*") 


fosc : Machine clock (High speed oscillation) 
fx : Machine clock (Low speed oscillation) 
2-5. Clock Switching ] 

- *t can be used as a clock source of time base timer is selected to ‘fosc’. 
- *2 can be used as a clock source of time base timer is selected to 'fx’. 

- Time base timer and timer 6 cannot stop timer 6 counting. 


Chapter 2 





The interrupt generation 
cycle is decided by the 
arbitrary value written to 
TM6OC. 





Overview 
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Block Diagram 


8-1-2 


Timer 6, Time Base Timer Block Diagram 
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Block Diagram (Timer 6, Time Base Timer) 


Figure 8-1-1 


VII - 3 


Overview 


Chapter 8 Time Base Timer / 8-bit Free-running Timer 


8-2 Control Registers 


Timer 6 consists of binary counter (TM6BC), compare register (TM6OC), and is controlled by mode 
register (TM6MD). Time base timer is controlled by mode register (TM6MD) and time base timer clear 
register (TBCLR), too. 


8-2-1 Control Registers 


Table 8-2-1 shows the registers that control timer 6, time base timer. 


Table 8-2-1 Control Registers 









































Register Address | R/W Function Page 
TM6BC x'03F68' R_ | Timer 6 binary counter Vill- 5 
ae TM6O0C x'03F69' | R/W | Timer 6 compare register Vill- 5 
TM6MD XO3F6A' | R/W | Timer 6 mode register VIll- 6 
TM6ICR X03FEF' | R/W | Timer 6 interrupt control register Ill - 23 
TM6MD X'03F6A' | R/W | Timer 6 mode register VIll- 6 
Timer base timer TBCLR xX'03F6B' W_| Time base timer clear control register Vill- 5 
TBICR X'03FFO' | R/W | Time base interrupt control register Ill - 24 





R/W : Readable / Writable 
R __: Readable only 
W__ : Writable only 
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8-2-2 Programmable Timer Registers 


Timer 6 is a 8-bit programmable counter. 
Programmable counter consists of compare register (TM6OC) and binary counter (TM6BC). 


Binary counter is a 8-bit up counter. When the TM6CLRS flag of the timer 6 mode register (TM6MD) is 
"0" and the interrupt cycle data is written to the compare register (TM6OC), the timer 6 binary counter 
(TM6BC) is cleared to x'00". 


Timer 6 Binary Counter (TM6BC) 


7 6 5 4 3 2 1 0 
TM6BC TM6BC7 | TM6BC6 | TM6BC5 | TM6BC4 | TM6BC3 | TM6BC2 | TM6BC1|TM6BCO) ( Atreset: XX XXXXXX) 



































Figure 8-2-1 Timer 6 Binary Counter (TM6BC : x'03F68', R) 


mTimer 6 Compare Register (TM6OC) 


7 6 5 4 3 2 1 0 
TM60C TM6OC7 | TM6OC6 | TM6OC5] TM6OC4 | TM60C3} TM60C2| TM6OC1|TM6OC0O} + (Atreset:XXXXXXXX ) 



































Figure 8-2-2 Timer 6 Compare Register (TM6OC : x'03F69', R/W) 


Time base timer cannot stop counting but the software can reset its operation. Time base timer can be 
cleared by writing an arbitrary value to the time base timer clear control register (TBCLR). 


Time Base Timer Clear Control Register (TBCLR) 





TBCLR - - - : ; 7 - (For writing only) 
































Figure 8-2-3 Time Base Timer Clear Control Register (TBCLR : x'03F6B’) 
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8-2-3 


This is a readable / writable register that controls timer 6 and time base timer. 


Timer 6 Mode Register (TM6MD) 


TM6MD 
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Timer Mode Registers 


7 


6 


5 4 


3 


2 


1 


0 








TM6CLRS 





TM6IR2 





TMG6IR1 | TM6IRO 





TM6CK3 





TM6CK2 





TM6CK1 





TM6CKO 























(Atreset:00000000 ) 































































































TM6CKSO Time base timer clock source 
0 fosc 
1 fx 
TM6CK3 | TM6CK2 | TM6CK1 | Timer 6 clock source 
0 0 fosc 
0 1 fs 
1 0 fx 
1 Synchronous fx 
, 0 | Time base selection clock x 1/2° 
4 1 | Synchronous time base selection clock x 1/2'° 
1 O | Time base selection clock x1/2” 
1 | Synchronous time base selection clock x 1/2" 
Time base timer 
TM6IR2 | TMGIRT | TM6IRO interrupt cycle selection 
0 0 Time base selection clock x 1/2’ 
0 1 Time base selection clock x 1/2° 
; 0 Time base selection clock x 1/2° 
1 Time base selection clock x 1/2 
; 0 Time base selection clock x 1/2 
1 Time base selection clock x 1/2 
TM6CLRS Timer 6 binary counter clear 
0 Enable the initialization of 


TM6BC as TM6OC is written 








1 





Disable the initialization of 
TM6BC as TM6OC is written 





* TMG6IRQ is disabled as TM6CLRS = 0, 
TM6IRQ is enabled as TM6CLRS = 1. 


Figure 8-2-4 Timer 6 Mode Register (TM6MD : x'03F6A’', R/W) 
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8-3 8-bit Free-running Timer 


8-3-1 Operation 


@8-bit Free-running Timer (Timer 6) 

The generation cycle of the timer interrupt is set by the clock source selection and the setting value of the 
compare register (TM6OC), in advance. If the binary counter (TM6BC) reaches the setting value of the 
compare register, an interrupt is generated at the next count clock, then the binary counter is cleared and 
counting is restarted from x'00'. 

Table 8-3-1 shows clock source that can be selected. 


Table 8-3-1 Clock Source at Timer Operation (Timer 6) 
































Clock source 1count time 
fosc 50 ns 
fx 30.5 us 
fs 100 ns 
fosc X 1/2"? 204.8 us 
fosc X 1/2'8 409.6 us 
fx X 1/212 125 ms 
fx X 1/218 250 ms 
Notes : as 
fosc = 20(MHz) 
fx = 32.768(kHz) 
fs = fosc/2 = 10 MHz 




















C Timer 6 cannot stop its timer counting except at stanby mode (STOP mode). 
| 
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™8-bit Free-running Timer as a 1 minute-timer, a 1 second-timer 
Table 8-3-2 shows the clock source selection and the TM6OC register setup, when a 8-bit free-running 
timer is used as a 1 minute-timer, a 1 second-timer. 


Table 8-3-2 1 minute-timer, 1 second-timer Setup (Timer 6) 























pola tas Clock Source TM6OC Register 
1 min fx x 1/218 X'EF' 
fx x 1/212 X'07' 
1s 
fx x 1/218 X'03' 
fx = 32.768(kHz) 








When the 1 minute-timer (1 min.) is set on Table 8-3-2, the bp1 waveform frequency (cycle) of the 
TM6BC register is 1 Hz (1 s). So, that can be used for adjusting the seconds. 


TM6BC 
o | Ly Ly LI LILI LI 


Figure 8-3-1 Waveform of TM6BC Register bp1 (Timer 6) 
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@Count Timing of Timer Operation (Timer 6) 
Binary counter counts up with the selected clock source as a count clock. 


Count clock 


TM6CLRS 
flag 


Compare 
register 


Binary 
counter 





Interrupt 


request 
flag (C) (E) 





Figure 8-3-2 Count Timing of Timer Operation (Timer 6) 


(A) When any data is written to the compare register as the TM6CLRS flag is "0", the binary 
counter is cleared to x'00'. 

(B) Even if any data is written to the compare register as the TM6CLRS flag is "1", the binary 
counter is not changed. 

(C) | When the binary counter reaches the value of the compare register as the TM6CLRS flag is 
"{", aninterrupt request flag is set at the next count clock. 

(D) | When an interrupt request flag is set, the binary counter is cleared to x'00' and restarts the 
counting. 

(E) Even if the binary counter reaches the value of the compare register as the TM6CLRS flag is 
"0", no interrupt request flag is set. 





When the binary counter reaches the value in the compare register, the inrerrupt request flag 
is set and the binary counter is cleared, at the next count clock. 
So, set the compare register as : 

Compare register setting = (count till the interrupt request - 1) 


= 








If fx is selected as the count clock source in timer 6, when the binary counter is read at 
operation, uncertain value on counting up may be read. To prevent this, select the synchro- 


= 


nous fx as the count clock source. 
But if the synchronous fx is selected as the count clock source, CPU mode cannot return 
from STOP/HALT mode. 








If the compare register is set the smaller than the binary counter during the count operation, 
the binary counter counts up to the overflow, at first. 


= 
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8-3-2 


Setup Example 


Timer Operation Setup (Timer 6) 


Timer 6 generates an interrupt constantly for timer function. Fs(fosc = 16 MHz) is selected as a clock 


source to generate an interrupt every 200 cycles (25 us). 
An example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 





(1) 





Enable the binary counter 
initialization. 
TM6MD (x'3F6A') 
bp7 : TM6CLRS =0 


Select the clock source. 
TM6MD (x'3F6A') 
bp3-1 : TM6CK3-1 = 001 


Set the interrupt generation cycle. 
TM6OC (X'3F69') = x'FQ' 


Enable the interrupt request 
generation. 
TM6MD (x'3F6A') 
bp7 : TM6CLRS = 1 


Set the interrupt level. 
TMG6ICR (x'3FEF') 
bp7-6 : TM6LV1-0 = 01 


Enable the interrupt. 
TM6ICR (x'3FEF') 
bp1 > TM6IE =1 





Set the TM6LRS flag of the timer 6 mode 
register (TM6MD) to "0". At that time, the 
initialization of the timer 6 binary counter 
(TM6BC) is enabled. 


Clock source can be selected by the TM6CK3-1 
flag of the TM6MD register. Actually, fs is 
selected. 


Set the interrupt generation cycle to the timer 
6 compare register (TM6OC). At that timer, 
TM6BC is initialized to x'00". 


Set the TM6CLRS flag of the TM6MD register to 
"1" to enable the interrupt request generation. 


Set the interrupt level by the TM6LV1-0 flag of 
the timer 6 interrupt control register (TM6ICR). 
If the interrupt request flag may be already set, 
clear them. 

[« Chapter 3 3-1-4. Interrupt Flag Setup ] 


Set the TM6IE flag of the TM6ICR register to "1" 
to enable the interrupt. 





* the above steps (1), (2) can be set at once. 


VI - 


As TM6OC is set, TM6BC is initialized to x'00' to count up. 
When TM6BC matches TM6OC, the timer 6 interrupt request flag is set to "1" at the next count 
clock and TM6BC is cleared to x'00' to restart counting. 


10. 8-bit Free-running Timer 
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If the TM6CLRS flag of the TM6MD register is set to "0", TM6BC can be initialized in every 
rewriting of TM6OC register, but in that state the timer 6 interrupt is disabled. If the timer 6 
interrupt should be enabled, set the TM6CLRS flag to "1" after rewriting the TM6OC register. 











= 


On the timer 6 clock source selection, either the time base timer output or the time base 
timer synchronous output is selected, the clock setup of time base timer is needed. 
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8-4 Time Base Timer 


8-4-1 Operation 


mTime Base Timer (Time Base Timer) 
The Interrupt is constantly generated. 
Table 8-4-1 shows the interrupt generation cycle in combination with the clock source ; 


Table 8-4-1 Time Base Timer Interrupt Generation Cycle 


Selected clock Interrupt generation cycle 
source 


fosc X 1/28 12.8 us 

fosc X 1/29 25.6 US 
fosc 

fosc X 1/2'° 51.2 us 


fosc X 1/2'8 409.6 us 


fosc = 20(MHz) 
fx = 32.768(kHz) 
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mCount Timing of Timer Operation (Time Base Timer) 
The counter counts up with the selected clock source as a count clock. 


14. 18 AP Oe AO: 28 Be A a fase 





fx 


13 10, 9 8 7 
1/2 1/2 1/2 1/2 1/2 1/2 


Figure 8-4-1 Count Timing of Timer Operation (Time Base Timer) 


When the selected interrupt cycle has passed, the interrupt request flag of the time base 
interrupt control register (TBICR) is set to "1". 





An interrupt may be generated at switching of the clock source. Enable interrupt after switch- 
ing the clock source. 








Time base timer cannot stop the operation. 
The initialization can be done by writing an arbitrary value to the time base timer clear control 
register (TBCLR). 
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8-4-2 


Timer Operation Setup (Time Base Timer) 
An interrupt can be generated constantly with time base timer in the selected interrupt cycle. The inter- 


Setup Example 


rupt generation cycle is as fosc x 1/2'9 (as 0.977 ms : fosc = 8.38 MHz) for generation interrupts. 
An example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 








Select the clock source. 
TM6MD (x'3F6A') 
bpd : TM6CKO =0 
Select the interrupt generation 
cycle. 
TM6MD (x'3F6A') 
bp6-4 : TM6IR2-0 = 100 


Initialize the time base timer. 
TBCLR (x'3F6B’) = x'00' 


Set the interrupt level. 
TBICR (x'3FF0') 


bp7-6 :TBLV1-0 =01 


Enable the interrupt. 
TBICR (x'3FFO’') 
bp1 : TBIE =1 





Select fosc as a clock source by the TM6CKO 
flag of the timer 6 mode register (TM6MD). 


Select the selected clock x 1/2"? as an interrupt 
generation cycle by the TM6IR2-0 flag of the 
TM6MD register. 


Write value to the time base timer clear control 
register (TBCLR) to initialize the time base 
timer. That makes the time base timer initialize. 


Set the interrupt level by the TBLV1-0 flag of 
the time base interrupt control register 
(TBICR). 

If the interrupt request flag had already been 
set, clear it. 

[¢ Chapter 3 3-1-4. Interrupt Flag Setup ] 


Set the TBIE flag of the TBICR register to "1" 
to enable the interrupt. 





* the above steps (1), (2) can be set at once. 


When the selected interrupt generation cycle has passed, the interrupt request flag of the time base 
interrupt control register (TBICR) is set to "1". 
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Chapter 9 Watchdog Timer 


9-1 Overview 


This LSI has a watchdog timer. This timer is used to detect software processing errors. It is controlled by 
the watchdog timer control register (WDCTR). And, once an overflow of watchdog timer is generated, a 
watchdog interrupt (WDIRQ) is generated. If the watchdog interrupt is generated twice, consecutively, it 
is regarded to be an indication that the software cannot execute in the intended sequence; thus, a 
system reset is initiated by the hardware. 


9-1-1 Block Diagram 


mWatchdog Timer Block Diagram 
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STOP ] 
writeWDCTR | | 


HALT R R 
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Figure 9-1-1 Block Diagram (Watchdog Timer) 


The watchdog timer is also used as a timer to count the oscillation stabilization wait time. This is used as 
a watchdog timer except at recovering from STOP mode and at reset releasing. 

The watchdog timer is initialized at reset or at STOP mode, and counts system clock (fs) as a clock 
source from the initial value (x'0000'). The oscillation stabilization wait time is set by the oscillation 
stabilization control register (DLYCTR). After the oscillation stabilization wait, counting is continued as a 
watchdog timer. [q@  Chapter2 2-6. Reset ] 
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9-2 Control Registers 


The watchdog timer is controlled by the watchdog timer control register (WDCTR). 


mWatchdog Timer Control Register (WDCTR) 


7 6 5 4 3 2 1 0 








WDCTR : - _ |WDTC2|WDTC1|WDTCO|WDTS1 |WDTSO| WDEN (At reset :--000110) 






































WDEN Watchdog timer 





0 Watchdog timer is disabled/cleared 
1 Watchdog timer is enebled 

















WDTS1 | WDTSO | Watchdog time-out period setup 





0 216 of system clock 
1 2'8 of system clock 
1 x 220 of system clock 

















wotTc2| wotTc1 | woTco Watchdog timer can be cleared 
at the following cycle or more 























215 of system clock 





217 of system clock 
219 of system clock 





0 0 can be cleared anytime 
‘ 1 27 of system clock 
, 0 2° of system clock 
1 2"1 of system clock 
4 0 213 of system clock 
1 
0 
1 




















Figure 9-2-1 Watchdog Timer Control Register (WDCTR : x'03F02', R/W) 
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9-3. Operation 


9-3-1 Operation 


The watchdog timer counts system clock (fs) as a clock source. If the watchdog timer is overflowes, the 
watchdog interrupt (WDIRQ) is generated as an non maskable interrupt (NMI). At reset, the watchdog 
timer is stopped, but once the operation is enabled, it cannot be stopped except at reset. The watchdog 
timer control register (WDCTR) sets when the watchdog timer is released or how long the time-out 
period should be. 


This watchdog timer can detect such that the watchdog timer clear is repeated in short cycle. If the 
watchdog timer clear is repeated in shorter cycle than the set time (the lowest value of watchdog timer 
clear possible), it is regarded as an error and the watchdog interrupt (WDIRQ) is generated. 


If the watchdog interrupt (WDIRQ) is generated twice consecutively, it is regarded to be an indication that 
the software cannot execute in the intended sequence; thus, a system reset is initiated by the hardware. 





C The watchdog timer cannot stop, once it starts operation. 
| 











mUsage of Watchdog Timer 

When the watchdog timer is used, constant clear in program is needed to prevent an overflow of the 
watchdog timer. As a result of the software failure, the software cannot execute in the intended se- 
quence, thus the watchdog timer overflows and error is detected. 


Programming of the watchdog timer is generally done in the last step of its programming. 


How to Detect Incorrect Code Execution 
The watchdog timer is executed to be cleared in the certain cycle on the correct code execution. On this 














LSI, the watchdog timer detects errors when, 


(1) the watchdog timer overflows. 
(2) the watchdog timer clear happens in the shorter cycle than the watchdog timer clear 
possible lowest value, set in the watchdog timer control register (WDCTR). 


When the watchdog timer detects any error, the watchdog interrupt (WDIRQ) is generated as a non 
maskable interrupt (NMI). 


Ix -4 Operation 


Chapter 9 Watchdog Timer 


How to Clear Watchdog Timer 

The watchdog timer can be cleared by writing to the watchdog timer control register (WDCTR). The 
watchdog timer can be cleared regardless of the writing data to the register. The bit-set (BSET) that does 
not change the value is recommended. 


mWatchdog Timer Period 
The watchdog timer period is decided by the bp2, 1 (WDTS1-0) of the watchdog timer control register 
(WDCTR) and the system clock (fs). If the watchdog timer is not cleared till the set period of watchdog 
timer, that is regarded as an error and the watchdog interrupt (WDIRQ) of the non-maskable interrupt 
(NMI) is generated. 

Table 9-3-1 Watchdog Timer Period 

















WDTS1 WDTSO Watchdog time-out period 
0 0 2'6 X system clock 
0 1 2'8 X system clock 
1 X 27° X system clock 














System clock is decided by the CPU mode control register (CPUM). 
[ q@ © Chapter 2 2-5. Clock Switching ] 


The watchdog timer period is generally decided from the execution time for main routine of program. 
That should be set the longer period than the value of the execution time for main routine divided by 
natural number (1, 2, , , ). And insert the instruction of the watchdog timer clear to the main routine as that 
value makes the same cycle. 


The Lowest Value for Watchdog Timer Clear 
The lowest value for watchdog timer clear is decided by the bp5, 4, 3 (WDTC2, WDTC1, WDTCO) of the 
watchdog timer control register (WDCTR). 


Table 9-3-2 The Lowest Value for Watchdog Timer Clear 
































pele me WTC |) “ eangeeeantioe 

0 0 0 no limit 

0 0 1 2’ X system clock 
0 1 0 2° X system clock 
0 1 1 2" X system clock 
1 0 0 2'3 X system clock 
1 0 1 2'5 X system clock 
1 1 0 2'7 X system clock 
1 1 1 2'° X system clock 
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mWatchdog Timer and CPU Mode 
The relation between this watchdog timer and CPU mode features are as follows ; 


1 
2 
3 
4 
5 
6 


In NORMAL, IDLE, SLOW mode, the system clock is counted. 

The counting is continued regardless of switching at NORMAL, IDLE, SLOW mode. 

In HALT mode, the watchdog timer is stopped. 

In STOP mode, the watchdog timer is cleared automatically by hardware. 

In STOP mode, the watchdog interrupt cannot be generated. 

After releasing reset or recovering from STOP, the counting is executed for the duration of the 
oscillation stabilization wait time. 


Da Nn en ee ~ 
ware rae YS DY WH 


Generally, in the system used STOP mode, if the STOP mode is done or not is divided on the program 
execution, but, in this case, the counting value of the watchdog timer differs. So, the watchdog interrupt 
should be prevented by setting the lowest value for watchdog timer clear. 


IX -6 Operation 


Chapter 9 Watchdog Timer 


9-3-2 Setup Example 


The watchdog timer detects errors. On the following example, the watchdog timer period is set to 2"° x 
system clock, the lowest value for watchdog timer clear is set to 2° x system clock. 
An example setup procedure, with a description of each step is shown below. 


BInitial Setup Program (Watchdog Timer Initial Setup Example) 








Setup Procedure Description 
(1) Set the time-out period. (1) Set the WDTS1-0 flag of the watchdog timer 
WDCTR (x'03F02’) control register (WDCTR) to "01" to select the 
bp2-1 : WDTS1-0 = 01 time-out period to 2'* x system clock. 
(2) Set the lowest value for clear. (2) Set the WDTC2-0 flag of the WDCTR register 
WDCTR (x'03F02') to "010" to select the lowest value for clear to 
bp5-3 : WDTC2-0 = 010 2° x system clock. 
(3) Start the watchdog timer operation. (3) Set the WDEN flag of the WDCTR register to 
WDCTR (x'03F02') start the watchdog timer operation. 
bp0 : WDEN = 1 

















setting. If the watchdog control register (WDCTR) is changed after starting the operation, the 


C The command of setting the WDEN flag to "1" should be done on the last step of the initial 
watchdog interrupt may be generated depending on the setting of the lowest value for clear. 











mMain Routine Program (Watchdog Timer Constant Clear Setup Example) 





Setup Procedure Description 





(1) Set the constant watchdog timer clear.| (1) Clear the watchdog timer by the cycle from 2° 


Writing to WDCTR (x'03F02’) x system clock up to 2"° x system clock. 
(cf.) BSET (WDCTR) WDEN 
(bp0 : WDEN = 1) The watchdog timer clear should be inserted in 


the main routine, with the same cycle, and to 
be the set cycle. 


The recommended instruction is the bit-set 
(BSET), does not change value, for clear. 
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Blnterrupt Service Routine Setup 








Setup Procedure Description 
(1) Set the watchdog interrupt service (1) If the watchdog timer overflows, the non 
routine. maskable interrupt is generated. 
NMICR (x'03FE1') Confirm that the WDIR flag of the non 
TBNZ (NMICR) WDIR, WDPRO maskable interrupt control register (NMICR) is 


"1" on the interrupt service routine, and 
manage the suitable execution. 

















| The operation, just before the WDOG interrupt may be executed wrongly. Therefore, if the 
| WDOG interrupt is generated, initialize the system. 
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Chapter 10 Buzzer 


10-1 Overview 


This LSI has a buzzer. It can output the square wave, having a frequency 1/2° to 1/2" of the high speed 
oscillation clock, or by 1/2° to 1/24 of the low speed oscillation clock. 


10-1-1 Block Diagram 


mBuzzer Block Diagram 
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Figure 10-1-1 Block Diagram (Buzzer) 
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10-2 Control Register 


Oscillation Stabilization Wait Timer Control Register 


7 6 5 4 3 2 1 0 





DLYCTR — |BUZOE] BUZS2|BUZS1 | BUZS0|DLYS1 | DLYSO - - (At reset: 000010-- ) 






































Oscillation stabilization 
wait period selection 





DLYS1 | DLYSO 














0 0 21'4/ fs 
1 219/ fs 

1 0 25/ fs 
1 2?/ fs 





Note : After reset is released, the oscillation stabilization 
wait period is fixed at 2°/ fs. 



































Buzzer output frequency 
BUZS2 | BUZS1 | BUZSO | selection 
‘ 0 fosc/2'4 
1 fosc/2'3 
0 
Ff 0 fosc/212 
1 fosc/2"1 
- 0 fosc/210 
; 1 fosc/29 
0 fx/24 
1 
1 fx/28 




















BUZOE PO6 output selection 





0 PO6 port data output 
PO6 buzzer output 

















Figure 10-2-1 Oscillation Stabilization Wait Time Control Register 
(DLYCTR : x'03F03', R/W) 
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10-3 Operation 


10-3-1 Operation 


mBuzzer 

Buzzer outputs the square wave, having a frequency 1/2° to 1/2'4 of the high speed oscillation clock 
(fosc), or by 1/2° to 1/2* of the low speed oscillation clock (fx). The BUZS 2, 1, 0 flag of the oscillation 
stabilization wait control register (DLYCTR) set the frequency of buzzer output. The BUZOE flag of the 
oscillation stabilization wait control register (DLYCTR) sets buzzer output ON / OFF. 


mBuzzer Output Frequency 
The frequency of buzzer output is decided by the frequency of the high oscillation clock (fosc) or the low 
oscillation clock (fx) and the bit 6, 5, 4 (BUZS2, BUZS1, BUZS0) of the oscillation stabilization wait 
control register (DLYCTR). 


Table 10-3-1 Buzzer Output Frequency 



































fosc fx BUZS2 BUZS1 BUZSO Buzzer output frequency 

20 MHz - 0 0 0 1.22 kHz 
20 MHz 0 0 1 2.44 kHz 
20 MHz 0 1 0 4.88 kHz 
8.38 MHz 0 1 0 2.05 kHz 
8.38 MHz 0 1 1 4.09 kHz 
2 MHz 1 0 0 1.95 kHz 
2 MHz 1 0 1 3.91 kHz 

32 kHz 1 1 0 2 kHz 

32 kHz 1 1 1 4 kHz 























xX-4 Operation 
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10-3-2 Setup Example 


Buzzer outputs the square wave of 2 kHz from P06 pin. It is used 8.38 MHz as the high oscillation clock 
(fosc). 
An example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 








Set the buzzer frequency. 
DLYCTR (x'3F03') 
bp6-4 : BUZS2-0 = 010 


Set P06 pin. 
POOUT (x'3F 10") 
bp6 : POOUTE6 = 0 
PODIR (x'3F30') 
bp6 : PODIR6 = 1 


Buzzer output ON. 
DLYCTR (x'3F03') 
bp7 : BUZOE = 1 


Buzzer output OFF. 
DLYCTR (x'3F03') 
bp7 : BUZOE = 0 





Set the BUZS2-0 flag of the oscillation 
stabilization wait control register (DLYCTR) to 
"010" to select fosc/2'? to the buzzer 
frequency. 

When the high oscillation clock fosc is 8.38 
MHz, the buzzer output frequency is 2.05 kHz. 


Set the output data POOUTE6 of P06 pin to "0", 
and set the direction control PODIR6 of P06 pin 
to "1" to select output mode. 
Port 06 pin outputs low level. 


Set the BUZOE flag of the oscillation 
stabilization wait control register (DLYCTR) to 
"{" to output the square wave of the buzzer 
output frequency set by P06 pin. 


Set the BUZOE flag of the oscillation 
stabilization wait control register (DLYCTR) to 
"0" to clear, and PO6 pin outputs low level. 
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Chapter 11 


11-1 


This LSI contains a serial interface 0 that can be used for both communication types of clock synchro- 


Serial Interface 0 


Overview 


nous and UART (duplex). 


11-1-1 


Functions 


Table 11-1-1 shows functions of serial interface 0. 


XI-2 


Overview 




















Table 11-1-1 Serial Interface 0 Functions 

Communication style clock synchronous UART (duplex) 

SCOTIRQ 

(on transmission completion) 
Interrupt SCOTIRQ SCORIRO 
(on reception completion) 

Used pins SBO0,SBI0,SBTO TXDO,RXDO 
3 channels type V - 
2 channels type V (SBOO, SBTO) V 
1 channel type V (TXDO) 





Specification of transfer bit 


7 bits + 1stop 
7 bits + 2stops 
































count / Frame selection TAS Ps 8 bits + 1stop 
8 bits + 2stops 
Selection of parity bit V 
0 parity 
ae 1 parity 
Parity bit control odd parity 
even parity 
Selection of start condition V pay oe eal eereiion 
is available 
Specification of the first y 
transfer bit 
Specification of input edge / ry r 
output edge 
SBO0 output control after the Adld Hicastdata - 
transmission of last data 
Communicative function at only slave reception is 7 
STANDBY mode available 
Continuous operation V V 
Internal clock 1/8 dividing V only 1/8 dividing is available 
— sez 
fosci16 eee 
fosci64 esas 
Clock source fs/2 fosc/64 
fs/4 ie 
fs/4 


Timer 2 output 
Timer 3 output 
External clock 


Timer 2 output 
Timer 3 output 





Maximum transfer rate 





2.5 MHz 





300 kbps 
(standard 300 bps 
to 38.4 kbps) 
(timer 4 output) 








fosc : Machine clock (High speed oscillation) 


fs : System clock [ g 


Chapter 2 2-5. Clock Switching ] 
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11-1-2 Block Diagram 


Serial Interface 0 Block Diagram 
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Serial Interface 0 Block Diagram 


Figure 11-1-1 
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Overview 
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11-2 Control Registers 


11-2-1 Registers 


Table 11-2-1 shows registers to control serial interface 0. 












































Table 11-2-1 Serial Interface 0 Control Registers 
Register Address R/W Function Page 
SCOMDO x'03F 90" RW |Serial interface 0 mode register 0 XI-6 
SCOMD1 x'03F91' RW |Serial interface 0 mode register 1 XI-7 
SCOMD2 x'03F92' RW |Serial interface 0 mode register 2 XI-8 
SCOSTR x'03F93' R_ |Serial interface 0 state register XI-9 
RXBUFO x'03F94' R_ |Serial interface 0 reception data buffer XI-5 
TXBUFO X'03F95' R/W | Serial interface 0 transmission data buffer XI-5 
im 0 SCOODC x'03F96' RW |Serial interface 0 port control register XI- 10 
SCOCKS x'03F97' R/W |Serial interface 0 transfer clock selection register XI- 11 
PSCMD X'03F6F' RWW |Prescaler control register V-6 
PODIR x'03F30' RW |Port 0 direction control register NM -7 
POPLU x'03F 40" RW |Port 0 pull-up control register NM -7 
SCORICR X'03FF5' R/W |Serial interface 0 UART reception interrupt control register Ill - 27 
SCOTICR X'03FF6' RW |Serial interface 0 interrupt control register Ill - 28 























R/W : Readable / Writable 


R : Readable only 


XI-4 Control Registers 
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11-2-2 Data Buffer Registers 


Serial Interface 0 has each 8-bit data buffer register for transmission, and for reception. 


Serial Interface 0 Reception Data Buffer (RXBUFO) 
i 6 5 4 3 2 1 0 























RXBUFO vB EUS YEU UFO RXBUF03 RXBUFO2|RXBUFO1|RXBUFOO) (At reset : X X X X X X X X) 





Figure 11-2-1 Serial Interface 0 Reception Data Buffer (RXBUFO : x'03F94’', R) 


Serial Interface 0 Transmissin Data Buffer (TXBUFO) 


7 6 5 4 3 2 1 0 























TXBUFO ‘| TXBUFO7 vreure UFO rreure rau reeura| eu TXBUFOO| (At reset : X X X XXX XX) 





Figure 11-2-2 Serial Interface 0 Transmission Data Buffer (TXBUFO : x'03F95', R/W) 
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11-2-3. Mode Registers 


Serial Interface 0 Mode Register 0 (SCOMDO) 










































































































































































7 6 5 4 3 2 1 0 
SCOMDO SCOCE1 |RESERVED ese SCODIR | SCOSTE | SCOLNG2 | SCOLNG1 | SCOLNGO (At reset:00000111) 
Synchronous serial 
SCOLNG2 | SCOLNG1 | SCOLNGO fancier i count 
0 1 bit 
: 1 2 bit 
0 Ss 
, 0 3 bits 
1 4 bits 
0 0 5 bits 
1 1 6 bits 
1 0 7 bits 
1 8 bits 
SCOSTE Synchronous serial transfer 
start condition 
0 Disable start condition 
1 Enable start condition 
SCODIR First bit to be transferred 
0 MSB first 
1 LSB first 
RESERVED Set always to "0". 
RESERVED Set always to "0". 
Transmission datal Reception data 
ard output edge input edge 
0 falling rising 
1 rising falling 
Figure 11-2-3 Serial Interface 0 Mode Register 0 (SCOMDO : x'03F90', R/W) 
XI -6 Control Registers 
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Serial Interface 0 Mode Register 1 (SCOMD1) 


7 6 5 4 3 2 1 0 





SCOMD1 SCOIOM | SCOSBTS | SCOSBIS | SCOSBOS} SCOCKM | SCOMST - SCOCMD (Atreset:000000-0) 



































Synchronous serial / 
SCOCMD Duplex UART selection 















































0 Synchronous serial 
1 Duplex UART 
SCOMST | Save selection 
0 Clock slave 
1 Clock master 
SCOCKM : ee of transfer clock 
0 Do not divide by 8 
Divide by 8 














SBO0(TXDO) pin function 
selection 


0 Port 
Serial data output 


SCOSBOS 




















SCOSBIS Serial input control 





0 "4" input 





Serial input 














SCOSBTS SBTO pin function selection 





0 Port 
Transfer clock I/O 

















SCOIOM Serial data I/O selection 





0 Data input from SBIO(RXDO) 
Data input from SBOO(TXDO) 

















Figure 11-2-4 Serial Interface 0 Mode Register 1 (SCOMD1 : x'03F91', R/W) 
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Serial Interface 0 Mode Register 2 (SCOMD2) 
SCOBRKF flag is only for reading. 


















































































































































7 6 5 4 3 2 1 0 
SCOMD2 | SCOFM! | SCOFMO | SCOPM1 | SCOPMO) SCONPE | - — | SCOBRKF | SCOBRKE (At reset :00000-00) 
SCOBRKE _ |Break status transmit control 
0 Data 
1 Break 
er cl Break status receive monitor 
0 Data Tramsmit 
1 Break transmit 
(*) Only read access is available. 
SCONPE Parity enable 
0 Enable parity bit 
1 Disable parity bit 
Added bit specification 
SCOPM1 | SCOPMO —— ; 
Transmission | Reception 
0 0 Add "0" Check for "0" 
Add "1" Check for "1" 
i 0 | Addoddparity | Check for odd parity 
1 Add even parity | Check for even parity 
SCOFM1 | SCOFMO | Frame mode specification 
0 0 7 data bits + 1 stop bit 
1 7 data bits + 2 stop bits 
1 0 8 data bits + 1 stop bit 
1 8 data bits + 2 stop bits 
* Do not set the SCOFM1, SCOFMO ="0,1" 
(7 data bits + 2 stop bits) at the SCONPE ="1" 
(disable parity bit). 
Figure 11-2-5 Serial Interface 0 Mode Register 2 (SCOMD2 : x'03F92', R/W) 
XI -8 Control Registers 





























Serial Interface 0 State Register (SCOSTR) 
All flags are only for reading. 


SCOSTR 
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7 6 5 4 3 2 1 0 
SCOTBSY | SCORBSY | SCOTEMP| SCOREMP] SCOFEF ) SCOPEK | SCOORE | SCOERE (At reset: 00000000) 
SCOERE Error monitor flag 
0 No error 
1 Error 
SCOORE Overrun error detection 
0 No error 
1 Error 
SCOPEK Parity error detection 
0 No error 
1 Error 
SCOFEF Framing error detection 
0 No error 
1 Error 
SCOREMP Receive buffer empty flag 
0 Empty 
1 Full 
SCOTEMP Transfer buffer empty flag 
0 Empty 
1 Full 
SCORBSY Serial bus status 
0 Other use 
1 Serial reception in progress 
SCOTBSY Serial bus status 
0 Other use 
1 Serial transmission in progress 











Figure 11-2-6 Serial Interface 0 State Register (SCOSTR : x'03F93’', R) 
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Serial Interface 0 Port Control Register (SCOODC) 


7 6 5 4 3 2 1 0 
SCOODC SCoFDCI|SCOFDCO} —- 























- - — |Scoopc2|scooDc1|SCooDco (At reset: 00---000) 














SCOODCO_ | P00 Nch open-drain control 





0 Push-pull 
1 N ch open-drain 

















SCOODC1 P01 N ch open-drain control 





0 Push-pull 
1 N ch open-drain 

















SCOODC2_ +|P02 N ch open-drain control 





0 Push-pull 
1 





N ch open-drain 














Output selection after 
SCOFDC1|SCOFDCO SBO0 last data transmission 























0 0 Fix to "1"(High) output 
1 Fix to "O"(Low) output 
X 1 Hold last data 








Figure 11-2-7 Serial Interface 0 Port Control Register (SCOODC : x'03F96', R/W) 
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Serial Interface 0 Transfer Clock Selection Register (SCOCKS) 


6 5 4 3 


2 


1 


0 





SCOCKS 














= - - — /SCOTMSEL 








SCOPSC2 


SCOPSCI 





SCOPSCO 
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(At reset: ----X XXX) 








SCOTMSEL| 


SCOPSC2 


Selected 


SCOPSC1 | SCOPSCO 
clock 

















fosc/2 





fosc/4 





fosc/16 
fosc/64 








fs/2 
fs/4 





-|/oO;-);O;-]O 








Timer 2 output 














- Timer 3 output 





Figure 11-2-8 Serial Interface 0 Tranfer Clock Selection Register (SCOCKS : x'03F97', R/W) 








When timer output is selected as serial interface transfer clock, select fosc as a clock source 
of the timer. If other clock is selected, normal transfer of serial interface data is not guaran- 


teed. 
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11-3 Operation 


Serial Interface 0 can be used for both clock synchronous and duplex UART. 


11-3-1 Clock Synchronous Serial Interface 


Activation Factor for Communication 

Table 11-3-1 shows activation factors for communication. At master, the transfer clock is generated by 
setting data to the transmission data buffer TXBUFO, or by receiving a start condition. Except during 
communication, the input signal from SBTO pin is masked to prevent errors by noise or so. This mask 
can be released automatically by setting a data to TXBUFO(access to the TXBUFO register), or by 
inputting a start condition to the data input pin. Therefore, at slave, set data to TXBUFO, or input an 
external clock after a start condition is input. 


Table 11-3-1 Synchronous Serial Interface Activation Factor 





Activation factor 

















Transmission Reception 
Set dummy data 
at master Set transmission data 
Input start condition 
Input clock 
Input clock after after dummy data is set 
at slave ee : 

transmission data is set Input clock 














after start condition is input 





Transfer Bit Setup 
The transfer bit count is selected from 1 bit to 8 bits. Set them by the SCOLNG 2 to 0 flag of the SCOMDO 
register (at reset : 111). The SCOLNG 2 to 0 flag holds the former set value until it is set again. 





| Except during communication, SBTO pin is masked to prevent errors by noise. At slave com- 
: munication, set data to TXBUFO or input a clock to SBTO pin after a start condition is input. 
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Start Condition Setup 

The SCOSTE flag of the SCOMDO register sets if a start condition is enabled or not. If a start condition is 
enabled, and received at communication, a bit counter is cleared to restart the communication. The start 
condition, if the SCOCE1 flag of the SCOMDO register is set to "0", is regarded when a data line (SBIO pin 
(with 3 channels) or SBOO pin (with 2 channels) is changed from "H" to "L" as a clock line (SBTO pin) is 
"H". Also, the start condition, if the SCOCE1 flag of the SCOMDO register is set to "1", is regarded when 
a data line (SBIO pin (with 3 channels) or SBOO pin (with 2 channels) is changed from "H" to "L" as a 
clock line (SBTO pin) is "L". Both the SCOSBOS flag and the SCOSBIS flag of the SCOMD1 register 
should be set to "0", before the start condition setup is changed 


First Transfer Bit Setup 
The SCODIR flag of the SCOMDO register can set the first transfer bit. MSB first or LSB first can be 
selected. 


Transmission Data Buffer 

The transmission data buffer, TXBUFO is the sub buffer that stores data to load the internal shift register. 
Data to be transfered should be set to the transmission data buffer, TXBUFO to load to the internal shift 
register automatically. The first data loading to the internal shift register is done at the same timing of the 
data setting to TXBUFO. 


@Received Data Buffer 

The received data buffer RXBUFO is the sub buffer that pushed the received data in the internal shift 
register. After the communication complete interrupt SCOIRQ is generated, data stored in the internal 
shift register is stored to the received data buffer RXBUFO automatically. RXBUFO can store data up to 
1 byte. RXBUFO is rewritten in every communication complete, so read out data of RXBUFO till the next 
receive complete. The received data buffer empty flag SCOREMP is set to "1" at the same time 
SCOTIRQ is generated. SCOREMP is cleared to "0" after RXBUFO is read. 





If a start condition is input to restart during communication, the transmission data is not valid. 
If the transmission should be operated again, set the transmission data to TXBUFO, again. 








Start condition should be switched after both the SCOSBOS and the SCOSBIS flags of the 
SCOMD1 register are set to "0". If they are not set to "0", the switching is not valid. 


(ma 














RXBUFO is rewritten in every communication complete. At continuous communication, data 
of RXBUFO should be read out till the next reception complete. 
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@Tranfer Bit Count and First Transfer Bit 

When the transfer bit is 1 bit to 7 bits, the data storing method to the transmission data buffer TXBUFO 
is different, depending on the first transfer bit selection. At MSB first, use the upper bits of TXBUFO for 
storing. When there are 6 bits to be transfered, as shown on figure 11-3-1, if data"A" to "F" are stored to 
bp2 to bp7 of TXBUFO, the transmission is operated from "F" to "A". At LSB first, use the lower bits of 
TXBUFO for storing. When there are 6 bits to be transfered, as shown on figure 11-3-2, if data "A" to "F" 
are stored to bp0 to bp5 of TXBUFO, the transmission is operated from "A" to "F". 


























TXBUFO F E D C B | A | 





Figure 11-3-1 Transfer Bit Count and First Transfer Bit (starting with MSB) 


























TXBUFO F E | D C B A | 





Figure 11-3-2 Transfer Bit Count and First Transfer Bit (starting with LSB) 


Receive Bit Count and First Transfer Bit 

When the transfer bit count is 1 bit to 7 bits, the data storing method to the received data buffer RXBUFO 
is different depending on the first transfer bit selection. At MSB first, data are stored to the lower bits of 
RXBUFO. When there are 6 bits to be transfered, as shown on figure 11-3-3, if data "F" to "A" are stored 
to bp0O to bp5 of RXBUFO. At LSB first, data are stored to the upper bits of RXBUFO. When there are 6 
bits to be transfered, as shown on figure 11-3-4, if data "A" to "F" are stored to bp2 to bp7 of RXBUFO. 


RXBUFO F E D C B A 





Figure 11-3-3 Receive Bit Count and Transfer First Bit (starting with MSB bit) 





RXBUFO F E D C B A 
































Figure 11-3-4 Receive Bit Count and Transfer First Bit (starting with LSB bit) 
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#Continuous Communication 

This serial has a function for continuous communication. If data is set to the transmission data buffer 
TXBUFO during communication, the transmission buffer empty flag SCOTEMP is automatically set to 
communicate continuously. Data setup to TXBUFO should be done till the communication complete 
interrupt SCOIRQ is generated after the former data is set. At master communication, there is a suspen- 
sion of communication for 3 transfer clocks till the next transmission clock is output after the SCOIRQ 
generation. 


input Edge / Output Edge Setup 

The SCOCE 1 to 0 flag of the SCOMDO register set an output edge of the transmission data, an input 
edge of the received data. As the SCOCE1 flag = "0", the transmission data is output at the falling edge, 
and as "1", output at the rising edge. As SCOCE1="0", the received data is received at the inversion edge 
to the output edge of transmission data, and as "1", stored at the same edge. 


Table 11-3-2 Transmission Data Output Edge and Received Data Input Edge 














SCOCE1 Transmission data output edge | Received data input edge 
0 Y A 
1 4 Y 
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Clock Setup 

The SCOCKS register selects a clock source from the special prescaler and timer output. The special 
prescaler starts its operation after the PSCMD (x'03F6F') register selects "prescaler operation". The 
SCOMST flag of the SCOMD1 register can select the internal clock (clock master), or the external clock 
(clock slave). Even if the external clock is selected, set the internal clock that has the same clock cycle 
or below to the external clock, by the SCOCKS register. That is happened, because the interrupt flag 
SCOTIRQ is generated by the internal clock. Here is the internal clock source that can be set by the 
SCOCKS register. Also, the SCOCKM flag of the SCOMD1 register can divide the internal clock by 8. 


Table 11-3-3 Synchronous Serial Interface Internal Clock Source 





fosc/2 





fosc/4 

fosc/16 

fosc/64 
fs/2 
fs/4 











Internal clock 








Timer 2 output 





Timer 3 output 

















of the timer. If other clock is selected, normal transfer of serial interface data is not guaran- 


C When timer output is selected as serial interface transfer clock, select fosc as a clock source 
teed. 











Data Input Pin Setup 

3 channels type (clock pin (SBTO pin), data output pin (SBOO pin), data input pin (SBIO pin)) or 2 chan- 
nels type (clock pin (SBTO pin), data I/O pin (SBOO pin)) can be selected as the communication. SBIO pin 
can be used for only serial data input. SBOO pin can be used for serial data input or output. The SCOIOM 
flag of the SCOMD1 register can select if the serial data is input from SBIO pin or SBOO pin. When "data 
input from SBOO pin" is selected to set the 2 channels type, the PODIRO flag of the PODIR register 
controls direction of SBOO pin to switch transmission / reception. At that time, SBIO pin is free to be used 
as a general port. 





| The transfer speed should be up to 2.5 MHz. If the transfer clock is over 2.5 MHz, the 
: transmission data may not be sent correctly. 











At reception, if SCOIOM of the SCOMD1 register is set to "1" and "serial data input from 
SBO0" is selected, SBIO pin is used as a general port. 
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@Received Buffer Empty Flag 

When the reception is completed (the last data reception edge of the clock is input), data is stored to 
RXBUFO from the internal shift register, automatically. If data is stored to the shift register RXBUFO, the 
received buffer empty flag SCOREMP of the SCOSTR register is set to "1". That indicates that the 
received data is going to be read. SCOREMP is cleared to "0" by reading out the data of RXBUFO. 


Transmission Buffer Empty Flag 

If any data is set to TXBUFO again, during communication (after setting data to TXBUFO before generat- 
ing the communication complete interrupt SCOIRQ), the transmission buffer empty flag SCOTEMP of the 
SCOSTR register is set to "1". That indicates that the next transmission data is going to load. Data is 
loaded to the inside shift register from TXBUFO by generation of SCOTIRQ, and the next transfer is 
started as SCOTEMP is cleared to "0". 


Overrun Error and Error Monitor Flag 

If, after reception complete, the next data has been already received before reading out the data of the 
received data buffer RXBUFO, overrun error is generated and the SCOORE flag of the SCOSTR register 
is set to "1". And at the same time, the error monitor flag SCOERE is set to indicate that something wrong 
on reception. The SCOORE flag holds the status unless the data of RXBUFO is read out. SCOERE is 
cleared as SCOORE flag is cleared. These error flags are nothing to do with communication operation. 


mReception BUSY Flag 

When any data is set to TXBUFO or when the SCOSBIS flag of the SCOMD1 register is "1" as start 
condition is input, the SCORBSY flag of the SCOSTR register is set to "1". And, on the generation of the 
communication complete interrupt SCOTIRQ, the flag is cleared to "0". And, during continuous commu- 
nication, the SCORBSY falg is always set. If the transmission buffer empty flag SCOTEMP is cleared to 
"0" as the communication complete interrupt SCOTIRQ is generated, SCORBSY is cleared to "0". If the 
SCOSBIS flag is set to "0" during communication, the SCORBSY flag is cleared to "0". 


Transmission BUSY Flag 

When any data is set to TXBUFO or when the SCOSBOS flag of the SCOMD1 register is "1" as start 
condition is input, the SCOTBSY flag of the SCOSTR register is set to "1". And, on the generation of the 
communication complete interrupt SCOTIRQ, the flag is cleared to "0". And, during continuous commu- 
nication, the SCOTBSY flag is always set. If the transmission buffer empty flag SCOTEMP is cleared to 
"0" as the communication complete interrupt SCOTIRQ is generated, SCOTBSY is cleared to "0". If the 
SCOSBOS flag is set to "0" during communication, the SCOTBSY flag is cleared to "0". 
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mEmergency Reset 

It is possible to shut down communication. For a forced reset, the SCOSBOS flag and the SCOSBIOS 
flag of the SCOMD1 register should be set to "0" (SBOO pin : port, input data :'"1" input). At forced reset, 
the status registers (the SCOBRKF flag of the SCOMD2 register, all flags of the SCOSTR register) are 
initialized as they are set at reset, but the control register holds the setting value. 


Last Bit of Transfer Data 
Table 11-3-4 shows the data output holding period of the last bit at transmission, and the minimum data 


input period of the last bit at reception. 


Table 11-3-4 Last Bit Data Length of Transfer Data 











The last bit data holding period The last data input period 
at transmission at reception 
At master 1 bit data length 1 bit data length (Minimum) 
At slave [1 bit data length of external clock x 1/2] 
+ [Internal clock frequency x (1/2 to1) ] 

















After the last bit data holding period at transmission, SBOO output without start condition (SCOSTE 
flag=0) can be set as table 11-3-5 with SCOFDC1-0 flag of the SCOODC register. 

After reset release, its output becomes "H" regardless of the set value of the SCOFDC1-0 flag. 

When start condition is added to it, it outputs "H" regardless of the set value of the SCOFDC1-0 flag. 


Table 11-3-5 The last bit data holding period at transmission, SBOO output 
without start condition (SCOSTE flag=0) 











The last bit data holding period at 
SCOFDC1 flag SCOFDCO flag transmission, SBOO output 
0 0 Fixed to "1"(High) output 
1 0 Fixed to "0"(Low) output 
Xx 1 Last bit data holding 
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Table 11-3-6 shows flags that are not used at clock synchronous communication. So, they are not 


needed to set or monitor. 


Table 11-3-6 Other Control Flag 





























Register Flag Detail 
SCOBRKF Brake status reception monitor 
SCONPE Parity is enabled 
SCOMD2 
SCOPM1 to 0 Added bit specification 
SCOFM1 to 0 Frame mode specification 
SCOPEK Parity error detection 
SCOSTR 
SCOFEF Frame error detection 








Operation 
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@Trasnmission Timing 









(at master) (at slave) 
Tmax=2.5T T : : ; ; : Tmax=2 T 
Clock 
(SBTO pin) 
Output data 
(White O0 pin) 


Transfer bit counter 


SCOTBSY 





(Write data to TXBUFO) 
Interrupt : 
(SCOTIRQ) 





Figure 11-3-5 Transmission Timing (falling edge, start condition is enabled) 


(at master) (at slave) 
Tmax=1.5T T . ; ; ; ; ; Tmax=2T 


Clock 
(SBTO pin) 


Output data 
(SBOO pin) 


Transfer bit counter 








SCOTBSY 


(Write data to TXBUFO) 
Interrupt : 
(SCOTIRQ) 





Figure 11-3-6 Transmission Timing (falling edge, start condition is disabled) 
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(at master) (at slave) 
Tmax=2.5T TO | ; ; ; ; Tmax=2 T 


Clock 
(SBTO pin) 





Output data 
(SBOO pin) 





Transfer bit counter 








SCOTBSY 
A 
(Write data to TXBUFO) 


Interrupt 
(SCOTIRQ) 





Figure 11-3-7 Transmission Timing (rising edge, start condition is enabled) 


(at master) (at slave) 
Tmax=1.5T TT ; ; ; ; ; Tmax=2 T 


Clock 
(SBTO pin) 


Output data 
(SBOO pin) 


Transfer bit counter 








SCOTBSY 
ae 
(Write data to TXBUF0) 


Interrupt 
(SCOTIRQ) 





Figure 11-3-8 Transmission Timing (rising edge, start condition is disabled) 
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@Reception Timing 


(at master) 
Tmax=2.5T T 


Clock 
(SBTO pin) 


Input data 
(SBIO pin) 


Transfer bit counter 








SCORBSY 
A 
(Write data to TXBUFO) 


Interrupt 
(SCOTIRQ) 





Figure 11-3-9 Reception Timing (rising edge, start condition is enabled) 


(at master) 
Tmax=1.5T = T 


Clock 
(SBTO pin) 


Input data 
(SBIO pin) 










Transfer bit counter 





SCORBSY 


(Write data to TXBUF) 
Interrupt : 
(SCOTIRQ) 





Figure 11-3-10 Reception Timing (rising edge, start condition is disabled) 
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(at master) 
Tmax=2.5T T 


Clock 
(SBTO pin) 


Input data 
(SBIO pin) 


Transfer bit counter 








SCORBSY 
a 
(Write data to TXBUFO) 


Interrupt 
(SCOTIRQ) 





Figure 11-3-11 Reception Timing (falling edge, start condition is enabled) 


(at master) 
Tmax=1.5T = T 


= = = 


Clock 
(SBTO pin) 


Input data 
(SBIO pin) 


Transfer bit counter 








SCORBSY 


(Write data to TXBUFO) 
Interrupt ; 
(SCOTIRQ) 





Figure 11-3-12 Reception Timing (falling edge, start condition is disabled) 
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Transmission / Reception Timing 
When transmission and reception are operated at the same time, set the SCOCE1 flag of the SCOMDO 


register to "0" or "1". Data is received at the opposite edge of the transmission clock, so that the recep- 
tion clock should be the opposite edge of the transmission clock from the other side. 


SBTO pin 






Data is received at the rising edge of clock. 


SBIO pin 


Data is output at the falling edge of clock. 


Figure 11-3-13 Transmission / Reception Timing 
(Reception : rising edge, Transmission : falling edge) 






SBTO pin 
Data is received at the falling edge of clock. 
SBIO pin 
Data is output at the rising edge of clock. 
SBOO pin 


Figure 11-3-14 Transmission / Reception Timing 
(Reception : falling edge, Transmission : rising edge) 
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BAt STANDBY mode 

On serial interface, there are two ways to return from STANDBY mode. 

(1) Slave reception at STANDBY mode is available. Operation mode of CPU can be recovered from 
STANDBY mode to NORMAL mode with communication complete interrupt SCOTIRQ, which is 
generated after the slave reception. 

STANDBY mode does not accept next data once the transfer bit data set with the SCOLNG2- 

0 flag of the SCOMDO register is received, so this makes continuous reception impossible. 
Received data should be read out from the reception data buffer RXBUF after the recovery to 
NORMAL mode. 

Communication with the start condition with reception during STANDBY mode cannot be oper- 
ated, and the setup should be without start condition. Also, set a dummy data to the transmission 
data buffer TXBFUO before the transition to STANBY mode. 





NORMAL mode STANDBY mode NORMAL mode 
~ > ; on > 
—____ 
Oscillation stabilization 
1 ; a, wait time 

Clock 
(SBTO pin) 
Input pin 
(SBIO pin) 


Transfer bit counter 








SCORBSY 


a 
(Set data to TXBUF0) 
Interrupt : 
(SCOTIRQ) 





Figure 11-3-15 Reception Timing at STANDBY mode 
(Reception : rising edge, without start condition) 





1 Select always fs/2 as a internal clock by SCOCKS for slave reception at STANDBY mode. 
7 Otherwise, normal reception is not guaranteed. 











(2) | When the level of serial interface 0 clock line (SBTO pin) is changed by the generation of serial 
interface 0 clock, external interrupt 2IRQ2 is generated and this makes CPU operation mode 


return from STANDBY mode to NORMAL mode. 
[a Chapter 3 3-3-9. PO2(SBTO) interrupt ] 
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Pins Setup (3 channels, at transmission) 
Table 11-3-7 shows the setup for synchronous serial interface pin with 3 channels (SBOO pin, SBIO pin, 
SBTO pin) at transmission. 


Table 11-3-7 Setup for Synchronous Serial Interface Pin (3 channels, at transmission) 










































































Data output pin Data input pin Clock VO pin 
Setup item SBTO pin 
SBO0 pin SBIO pin 
Internal clock External clock 
Pin Poo P01 P02 
SBIO / SBOO independent 
SBIO0 / SBOO pin - 
SCOMD1(SC1IOM) 
Serial data output "{" input Serial clock VO Serial clock VO 
Function 
SCOMD1(SCOSBOS) SCOMD1(SCOSBIS) SCOMD1(SCOSBTS) 
Push-pull / Push-pull / Push-pull / 
Style Nch open-drain im Nch open-drain Nch open-drain 
SCOODC(SCOODC0) SCOODC(SC0ODC1) 
Output mode Output mode Input mode 
vO - 
PODIR(PODIRO) PODIR(PODIR2) 
Added / Not added Added / Not added Added / Not added 
Pull-up = 
POPLU(POPLUO) POPLU(POPLU2) 





Pins Setup (3 channels, at reception) 
Table 11-3-8 shows the setup for synchronous serial interface pin with 3 channels (SBOO pin, SBIO pin, 
SBTO pin) at reception. 


Table 11-3-8 Setup for Synchronous Serial Interface Pin (3 channels, at reception) 





Setup item 


Data output pin Data input pin 


Clock VO pin 








SBTO pin 





SBO0 pin SBIO pin 
Internal clock External clock 


















































Pin POO P01 P02 
SBIO / SBOO independent 
SBI0 / SBOO pin : 
SCOMD1(SCOIOM) 
Port Serial data input Serial clock VO Serial clock VO 
Function 
SCOMD1(SCOSBOS) SCOMD1(SCOSBIS) SCOMD1(SCOSBTS) 
Push-pull / Push-pull / 
Style . Nch open-drain Nch open-drain 
SCOODC(SC0ODC1) 
Input mode Output mode Input mode 
vO - 
PODIR(PODIR1) PODIR(PODIR2) 
Added / Not added Added / Not added 
Pull-up = = 
POPLU(POPLU2) 





XI - 26 Operation 


Pins Setup (3 channels, at transmission / reception) 
Table 11-3-9 shows the setup for synchronous serial interface pin with 3 lines (SBOO pin, SBIO pin, SBTO 
pin) at transmission / reception. 


Table 11-3-9 Setup for Synchronous Serial Interface Pin 
(3 channels, at transmission / reception) 


Chapter 11 





Setup item 


Data output pin 


Data input pin 


Clock VO pin 








SBTO pin 





SBO0 pin SBIO pin 
Internal clock External clock 





















































Pin Poo P01 P02 
SBIO / SBOO independent 
SBIO / SBOO pin - 
SCOMD1(SCOIOM) 
Serial data output Serial data input Serial clock VO Serial clock VO 
Function 
SCOMD1(SCOSBOS) SCOMD1(SCOSBIS) SCOMD1(SCOSBTS) 
Push-pull / Push-pull / Push-pull / 
Styl Nch open-drain . Nch open-drain Nch open-drain 
yle 
SCOODC(SCOODC0) SCOODC(SCO0ODC1) 
Output mode Input mode Output mode Input mode 
vO 
PODIR(PODIRO) PODIR(PODIR1) PODIR(PODIR2) 
Added / Not added Added / Not added Added / Not added 
Pull-up = 
POPLU(POPLUO) POPLU(POPLU2) 
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Pins Setup (2 channels, at transmission) 
Table 11-3-10 shows the setup for synchronous serial interface pin with 2 channels (SBOO pin, SBTO 
pin) at transmission. SBIO pin can be used as a general port. 


Table 11-3-10 Setup for Synchronous Serial Interface Pin (2 channels, at transmission) 


















































Data output pin Clock VO pin 
Setup item SBTO pin 
SBOO0 pin SBIO pin 
Internal clock External clock 
Pin Poo P02 
SBI0/SBOO connected 
SBIO / SBOO pin , 
SCOMD1(SCOIOM) 
Serial data output "{" input Serial clock VO Serial clock VO 

Function 

SCOMD1(SCOSBOS) SCOMD1(SCOSBIS) SCOMD1(SCOSBTS) 

Push-pull / Push-pull / Push-pull / 
St Nch open-drain 7 Nch open-drain Nch open-drain 
yle 
SCOODC(SCOODC0) SCOODC(SC0ODC1) 
Output mode Output mode Input mode 
vO —— - 
PODIR(PODIRO) PODIR(PODIR2) 
Added / Not added Added / Not added Added / Not added 
Pull-up 7 
POPLU(POPLUO) POPLU(POPLU2) 

















Pins Setup (2 channels, at reception) 
Table 11-3-11 shows the setup for synchronous serial interface pin with 2 channels (SBOO pin, SBTO 
pin) at reception. SBIO pin can be used as a general port. 


Table 11-3-11 Setup for Synchronous Serial Interface Pin (2 channels, at reception) 














Data input pin Clock VO pin 
Setup item SBTO pin 
SBOO0 pin SBIO pin 
Internal clock External clock 
Pin POO P02 





SBIO / SBOO connected 
SBIO / SBOO pin ; 






































SCOMD1(SCOIOM) 
Port Serial data input Serial clock VO Serial clock VO 
Function 
SCOMD1(SCOSBOS) SCOMD1(SCOSBIS) SCOMD1(SCOSBTS) 
Push-pull / Push-pull / 
Style : . Nch open-drain Nch open-drain 
SCOODC(SC0ODC1) 
Input mode Output mode Input mode 
vO i a - 
PODIR(PODIRO) PODIR(PODIR2) 
Added / Not added Added / Not added 
Pull-up - 7 
POPLU(POPLU2) 
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11-3-2 Setup Example 


Transmission / Reception Setup Example 
The setup example for clock synchronous serial communication with serial 0 is shown. Table 11-3-12 
shows the conditions at transmission / reception. 


Table 11-3-12 Setup Examples for Synchronous Serial Interface Transmission / Reception 











Setup item set to Setup item set to 
; Independent 
SBIO0 / SBOO pin (with 3 channels) Clock source fs/2 
Transfer bit count 8 bits Clock source 1/8 dividing divided by 8 





Start condition 


none 


SBTO / SBOO pin style 


Nch open-drain 














First transfer bit MSB SBTO pin pull-up resistor Added 
Input clock edge falling edge SBOO0 pin pull-up resistor Added 
so Serial 0 communication 
Output clock edge rising edge complete interrupt Enable 
Clock Internal clock SBO0 output after last data cieg to "1" (H) 




















transmission 





An example setup procedure, with a description of each step is shown below. 





Setup Procedure Description 





Set the PSCEN flag of the PSCMD register to 
"{" to select "prescaler operation". 


(1) Select the prescaler operation. (1) 
PSCMD (x'3F6F') 
bpO : PSCEN = 1 


Select the clcok source by the SCOCKS 
register. 
Set bp3-0 to "0100" to select "fs/2". 


(2) Select the clock source. (2) 
SCOCKS (x'3F97’') 
bp2-0 : SCOPSC2-0 = 100 
bp3 : SCOTMSEL = 0 


(3) Control the pin type. (3) 
SCOODC (x'3F96') 
bp2, 0 : SCOODC1-0 = 1, 1 
POPLU (x'3F40') 
bp2, 0 : P3PLU2, 0 = 1, 1 


Set the SCOODC2, 0 flag of the SCOODC 
register to "11" to select "N-ch open drain" to 
the SBOO/SBTO pin. Set the POPLU2, 0 flag of 
the POPLU register to "1, 1" to add pull-up 
resistor. 


(4) SBOO output control after the last (4) Set "0, 0" to the SCOFDC1, 0 flag of the 
data transmission SCOODC register to select "1" (High) fixed 
SCOODC(x'3F96') output for SBOO output after the last data 
bp7, 8 : SCOFDC1, O= 1, 1 transmission. 


(5) Control the pin direction. (5) 
PODIR (x'3F30') 
bp2-0 : PODIR2-0 = 101 


Set the PODIR2-0 flag of the port 0 pin's 
direction control register (PODIR) to "101" to set 
POO, P02 "output mode", and to set PO1 "input 
mode". 
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Setup Procedure 


Description 








(6) Select the transfer bit count. 
SCOMDO (x'3F90') 


(7) Select the start condition. 
SCOMDO (x'3F 90") 
bp3 : SCOSTE = 0 


(8) Select the first bit to be transfered. 


SCOMDO (x'3F 90") 
bp4 : SCODIR = 0 


(9) Select the transfer edge. 
SCOMDO (x'3F90') 
bp7 : SCOCE1 = 1 


(10) Control the output data. 
SCOMD2 (x'3F92') 
bpO : SCOBRKE = 0 


(11) Set other mode registers. 
SCOMD2 (x'3F92') 
bp7-3 


(12) Select the communication type. 
SCOMD1 (x'3F91') 
bp0 : SCOCMD = 0 


(13) Select the transfer clock. 
SCOMD1 (x'3F91') 
bp2 : SCOMST = 1 
bp3 : SCOCKM = 1 


(14) Control the pin function. 
SCOMD1 (x'3F91') 
bp4 : SCOSBOS = 1 
bp5 : SCOSBIS = 1 
bp6 : SCOSBTS = 1 
bp7 : SCOIOM = 0 





(6) Set the SCOLNG2-0 flag of the serial 0 mode 
register (SCOMDO) to "111" to set the transfer 
bit count "8 bits". 


(7) Set the SCOSTE flag of the SCOMDO register to 
"0" to set the start condition. 


(8) Set the SCODIR flag of the SCOMDO register to 
"0" to set MSB as the first transfer bit. 


(9) Set the SCOCE1 flag of the SCOMDO register to 
"1" to set the transmission data output edge 
"rising" and the received data input edge "falling". 


(10) Set the SCOBRKE flag of the SCOMD2 register 
to "0" to select "serial data transmission". 


(11) No need at synchronous serial communication. 


(12) Set the SCOCMD flag of the SCOMD1 register to 
"0" to select "synchronous serial". 


(13) Set the SCOMST flag of the SCOMD1 register to 
"1" to select clock master (inside clock). 
Set the SCOCKM flag to "1" to select "divide by 8" 
for source clock. 


(14 


~~ 


Set the SCOSBOS, SCOSBIS, SCOSBTS flag of 
the SCOMD1 register to "1" to set SBOO pin "serial 
data output", SBIO pin "serial data input", and 
SBTO pin “serial clock I/O". 

Set the SCOIOM flag "0" to set serial data input 
from SBIO pin. 
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Setup Procedure Description 
(15) Set the interrupt level. (15) Set the interrupt level by the SCOTLV1-0 flag of 
SCOTICR (x'3FF6') the serial 0 transmission interrupt control register 
bp7-6 : SCOTLV1-0 = 10 (SCOTICR). (Set level 2.) 
(16) Enable the interrupt. (16) Set the SCOTIE flag of the SCOTICR register to 
SCOTICR (x'3FF6') "1" to enable interrupts. 
bp1 : SCOTIE = 1 If any interrupt request flag (SCOTIR of the 


SCOTICR register) is already set, clear SCOTIR 


before an interrupt is enabled. 
[a Chapter 3 3-1-4. Interrupt Flag Setup ] 


(17) Start serial transmission. (17) Set the transmission data to the serial 
Transmission data—>TXBUFO (x'3F95') transmission data buffer TXBUFO. Then, an 
Received data—input to SBIO pin. internal clock is generated to start transmission / 


reception. After the transmission is finished, 
serial0 transmission interrupt SCOTIRQ is 
generated. 














Note : above (3) to (4), (6) to (9), (10) to (11) and (12) to (14), each settings can be set at once. 





When only reception with 3 channels is operated, set SCOSBOS of the SCOMD1 register to 
"0" and select a port. The SBOO pin can be used as a general port. 








When SBO0 / SBIO pin are connected for communication with 2 lines, the SBOO pin inputs / 
outputs serial data. The port direction control register PODIR switches I/O. At reception, set 
SCOSBIS of the SCOMD1 register to "1", always, to select "serial data input". The SBIO pin 
can be used as a general port. 








It is possible to shut down communication. If the communication should be stopped by force, 
set SCOSBOS and SCOSBIS of the SCOMD1 register to "0". 








Each flag should be set as the procedure in order. Activation for communication should be 
operated after all control registers (except Table 11-2-1 : TXBUFO, RXBUFO) are set. 








Transfer rate of transfer clock that set by SCOCKS register should be under 2.5 MHz. 








When timer output is selected as serial interface transfer clock, select fosc as a clock source 
of the timer. If other clock is selected, normal transfer of serial interface data is not guaran- 
teed. 


alala\|B) 2/8 
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Transmission / reception Setup (at STANDBY mode) 
Table 11-3-13 shows the setup for reception with serial interface 0 in clock synchronous serial interface 


communication in STANBY mode. 


Table 11-3-13 Setup for Synchronous Serial Interface Reception in STANDBY mode 





























Setup Setup 
SBI0/SBOO pin Independant (with | | Glock source fs/2 
2 channels) 
Transfer bit 8 bits Clock source 1/8 dividing No 1/8 dividing 
Start condition Style of SBTO/SBIO pins Push-pull 
First transfer bit MSB Pull-up resistor for SBTO pin 
Input edge Falling Pull-up resistor for SBIO pin 
Serial interface 0 
Clock External clock communication complete Accept 
interrupt 
Operation mode STOP mode 

















An example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 








Select the prescaler operation. 
PSCMD (x'3F6F') 
bpO : PSCEN = 1 


Select the clock source. 
SCOCKS (x'3F97’') 
bp2-0 : SCOPSC2-0 = 100 
bp3 : SCOTMSEL = 0 


Control the pin type. 
SCOODC (x'3F96') 
bp2, 1 : SCOODC1-0 = 0, 0 
POPLU (x'3F40') 
bp2, 1 : P3PLU2, 0 = 0, 0 


Control the pin direction. 
PODIR(x'3F30') 
bp2, 1 : PODIR2, 1 = 0, 0 





Set the PSCEN flag of the PSCMD register to 
"1" to select "prescaler operation”. 


Select the clcok source by the SCOCKS 
register. 
Set bp3-0 to "0100" to select "fs/2". 


Set the SCOODC2, 1 flag of the SCOODC 
register to "0, 0" to select "Push-pull" to the 
SBOO0/SBT0 pin. Set the POPLU2, 1 flag of 

the POPLU register to "1, 1" to add pull-up 
resistor. 


Set "0, 0" to the PODIR2, 1 flag of the 

Port 0 pin direction control register 

(PODIR) to "0, 0" to set POO and P01 to input 
mode. 
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Setup Procedure 


Description 








Select the transfer bit count. 
SCOMDO (x'3F90') 


Select the start condition. 
SCOMDO (x'3F90') 
bp3 : SCOSTE = 0 


SCOMDO (x'3F90') 
bp4 : SCODIR = 0 


Select the transfer edge. 
SCOMDO (x'3F90') 
bp7 : SCOCE1 = 1 


Control the output data. 
SCOMD2 (x'3F92') 
bpO : SCOBRKE = 0 


(10) Set other mode registers. 
SCOMD2 (x'3F92') 
bp7-3 


(11) Select the communication type. 
SCOMD1 (x'3F91') 
bp0 : SCOCMD = 0 


(12) Select the transfer clock. 
SCOMD1 (x'3F91') 
bp2 : SCOMST = 1 
bp3 : SCOCKM = 1 


(13) Control the pin function. 
SCOMD1 (x'3F91') 


bp4:SCOSBOS =0 
bp5:SCOSBIS =1 
bp6:SCOSBTS =1 
bp7 : SCOIOM =0 


Select the first bit to be transfered. 





(9) 


(10) 


(11) 


(12) 


(13 


— 


Set the SCOLNG2-0 flag of the serial 0 mode 
register (SCOMDO) to "111" to set the transfer 
bit count "8 bits". 


Set the SCOSTE flag of the SCOMDO0 register to 
"0" to set the start condition. 


Set the SCODIR flag of the SCOMDO register to 
"0" to set MSB as the first transfer bit. 


Set the SCOCE1 flag of the SCOMDO register to 
"1" to set the transmission data output edge 
"rising" and the received data input edge "falling". 


Set the SCOBRKE flag of the SCOMD2 register 
to "0" to select "serial data transmission". 


No need at synchronous serial communication. 


Set the SCOCMD flag of the SCOMD1 register to 
"0" to select "synchronous serial". 


Set the SCOMST flag of the SCOMD1 register to 
"1" to select clock master (inside clock). 

Set the SCOCKM flag to "1" to select "divide by 8" 
for source clock. 


Set the SCOSBOS, SCOSBIS, SCOSBTS flag of 
the SCOMD1 register to "0" to set SBOO pin "nor 
mal port", SBIO pin "serial data input", and 

SBTO0 pin "serial clock I/O". 

Set the SCOIOM flag "0" to set serial data input 
from SBIO pin. 
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Setup Procedure Description 
(14) Set the interrupt level. (15) Set the interrupt level by the SCOTLV1-0 flag of 
SCOTICR (x'3FF6') the serial 0 transmission interrupt control register 
bp7-6 : SCOTLV1-0 = 10 (SCOTICR). (Set level 2.) 
(15) Enable the interrupt. (16) Set the SCOTIE flag of the SCOTICR register to 
SCOTICR (x'3FF6') "1" to enable interrupts. 
bp1 : SCOTIE = 1 If any interrupt request flag (SCOTIR of the 


SCOTICR register) is already set, clear SCOTIR 


before an interrupt is enabled. 
[a Chapter 3 3-1-4. Interrupt Flag Setup ] 


(16) Set the serial interface communication | (16) Set dummy data to serial interface transmission 
activation factor. data buffer TXBUFO 
Set dummy data to TXBUFO (x'3F95') 


(17) Transition to STOP mode (17) Set the STOP flag of the CPUM register to "1" to 
CPUM (x'3F00') transition to STOP mode 
bp3 : STOP =0 
(18) Start serial transmission. (18) Input the transfer clock to the SBTO pin, and input 
Transmission data—>TXBUFO (x'3F95') transition data to the SBIO pin. 


Received data input to SBIO pin. 


(19) Return from STANDBY mode (19) Serial interface 0 interrupt SCOTIRQ is gener- 
ated at the same time of reception of data of 8th 
bit. Then after the oscillation stabilization wait 
time, CPU returns from STOP mode to NOR- 
MAL mode. 














Note : above (5) to (8), (9) to (10) and (11) to (13), each settings can be set at once. 





1 Setup for slave reception in STANDBY mode should be without start condition. 
7 Otherwise, proper reception is not guaranteed. 














| Each flag should be set as the procedure in order. Activation for communication should be 
7 operated after all control registers (except Table 11-2-1 : TXBUFO, RXBUFO) are set. 








Otherwise, normal reception is not guaranteed. 








C Select always fs/2 as a internal clock by SCOCKS for slave reception at STANDBY mode. 
| 
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11-3-3  UART Serial Interface 


Serial 0 can be used for duplex UART communication. Table 11-3-13 shows UART serial interface 
functions. 




















Table 11-3-13  UART Serial Interface Functions 
Communication style UART(duplex) 
Fiantiot SCOTIRQ(transmission), 

e SCORIRQ(reception) 
: TXDO(output, input) 
Used pins RXDO(input) 
Specification the first MSB / LSB 
transfer bit 
Selection of parity bit V 
0 parity 

Bea pe 1 parity 
Parity bit control odd parity 

even parity 





Frame selection 


7 bits + 1 stop 
7 bits + 2 stops 
8 bits + 1 stop 
8 bits + 2 stops 





Continuous operation 


V 








Maximum transfer rate 


300 kbps 
(standard 300 bps to 38.4 kbps) 
(with baud rate timer) 








Operation 
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Activation Factor for Communication 

At transmission, if any data is written to the transmission data buffer TXBUFO, a start condition is gener- 
ated to start transfer. At reception, if a start condition is received, communication is started. At reception, 
if the data length of "L" for start bit is longer than 0.5 bit, that can be regarded as a start condition. 


Transmission 
Data transfer is automatically started by writing data to the transmission data buffer TXBUFO. When the 
transmission has completed, the serial 0 transmission interrupt SCOTIRQ is generated. 


mReception 
Once a start condition is received, reception is started after the transfer bit counter that counts transfer 
bit is cleared. When the reception is completed, the serial 0 reception interrupt SCORIRQ is generated. 


mDuplex communication 

Duplex communication, that the transmission and reception can be operated independently at the same 
time is available. On duplex communication, the frame mode and parity bit of the used data on transmis- 
sion / reception should have the same polarity. 


Transfer Bit Count Setup 

The transfer bit count is automatically set after the frame mode is specified by the SCOFM1 to 0 flag of 
the SCOMD2 register. If the SCOCMD flag of the SCOMD1 register is set to "1", and UART communica- 
tion is selected, the setup by the synchronous serial data transfer bit count selection flag SCOLNG2 to 0 
is no more valid. 


Data Input Pin Setup 

The communication mode can be selected from with 2 channels (data output pin (TXDO pin), data input 
pin (RXDO pin)), or with 1 channel (data I/O pin TXDO pin). The RXDO pin can be used only for serial data 
input. The TXDO pin can be used for serial data input or output. The SCOIOM flag of the SCOMD1 
register can specify which pin, RXDO or TXDO to input the serial data. "Data input from TXDO pin" is 
selected to be with 1 channel communication, transmission / reception is switched by controlling TXDO 
pin's direction by the PODIRO flag of the PODIR register. At that time, the RXDO pin can be used as a 
general port. 


@Received Buffer Empty Flag 

When the communication complete interrupt SCORIRQ is generated, data is stored to RXBUFO from the 
internal shift register, automatically. If data is stored to the shift register RXBUFO, the recieved buffer 
empty flag SCOREMP of the SCOSTR register is set to "1". This indicates that the reception data is going 
to be read. SCOREMP is cleared to "0" by reading data in RXBUFO. 
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mReception BUSY flag 

When the start condition is reagarded, the SCORBSY flag of the SCOSTR register is set to "1". That is 
cleared to "0" by the generation of the reception complete interrupt SCORIRQ. If, during reception, the 
SCOSBIS flag is set to "0", the SCORBSY flag is reset to "0". 


Transmission BUSY flag 

When any data is set to TXBUFO, the SCOTBSY flag of the SCOSTR register is set to "1". That is cleared 
to "0" by the generation of the transmission complete interrupt SCOTIRQ. During continuous communi- 
cation the SCOTBSY flag is always set. If the transmission buffer empty flag SOTEMP is set to "0" as the 
transmission complete interrupt SCOTIRQ is generated, the SCOTBSY is cleared to "0". If the SCOSBOS 
flag is set to "0", the SCOTBSY flag is reset to "0". 


mFrame Mode and Parity Check Setup 
Figure 11-3-16 shows the data format at UART communication. 


1 data frame 


parity 
bit 
<——__——__—_- 











character bits § ————————_»> 


Figure 11-3-16 UART Serial Interface Transmission / Reception Data Format 


The transmission / reception data consists of start bit, character bit, parity bit and stop bit. 
Table 11-3-16 shows its kinds to be set. 


Table 11-3-16 UART Serial Interface Transmission / Reception Data 

















Start bit 1 bit 

Character bit 7, 8 bits 

Parity bit fixed to 0, fixed to 1, even, odd, none 
Stop bit 1, 2 bits 
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The SCOFM1 to 0 flag of the SCOMD2 register sets the frame mode. Table 11-3-15 is shown the UART 
Serial Interface Frame Mode setting. If the SCOCMD flag of the SCOMD1 register is set to "1", and UART 
communication is selected, the transfer bit count on the SCOLNG2 to 0 flag of the SCOMDO register is no 


more valid. 


Table 11-3-15 UART Serial Interface Frame Mode 





SCOMD2 register 











Frame mode 
SCOFM1 | SCOFMO 
0 0 Character bit 7 bits + Stop bit 1 bit 
0 1 Character bit 7 bits + Stop bit 2 bits 





{ 


0 


Character bit 8 bits + Stop bit 1 bit 





{ 





1 





Character bit 8 bits + Stop bit 2 bits 








Parity bit is to detect wrong bits with transmission / reception data. 


Table 11-3-16 shows kinds of parity bit. The SCONPE, SCOPM1 to 0 flag of the SCOMD2 register set 


parity bit. 


Table 11-3-16 Parity Bit of UART Serial Interface 





SCOMD2 register 
































Parity bit Setup 
SCONPE | SCOPM1 | SCOPMO 
0 0 0 fixed to 0 Set parity bit to "0". 
0 0 1 fixed to 1 Set parity bit to "1". 
: Control that the total of "1" of parity bit and character 

° : ¢ pad pany bit should be odd. 
0 { { eveneant Control that the total of "1" of parity bit and character 

ahs bit should be even. 
1 - none Do not add parity bit. 








( 





In case the SCONPE flag is "1" and disable parity bit is selected, do not set character bit 7 bits 
+ Stop bit 2 bits of frame mode. 





Break Status Transmission Control Setup 


The SCOBRKE flag of the SCOMD2 register generates the break status. If SCOBRKE is set to "1" to 


select the break transmission, all bits from start bits to stop bits transfer "0". 
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@Reception Error 

At reception , there are 3 types of error ; overrun error, parity error and framing error. Reception error can 
be determined by the SCOORE, SCOPEK, SCOFEF flag of the SCOSTR register. Even one of those 
errors is detected, the SCOERE flag of the SCOSTR register is set to "1". The SCOPEK, the SCOFEF 
flags in recepption error flag are renewed at generation of the reception complete interrupt SCORIRQ. 
The SCOORE flag is holded the status unless data of RXBUFO is read out. The judgements of the 
received error flag should be operated until the next communication is finished. The communication 
operation does not have any effect on those error flags . Table 11-3-17 shows the list of reception error 
source. 


Table 11-3-17 Reception Error Source of UART Serial Interface 



































Flag Error Error source 
SCOORE Overrun error Next data is received before reading the receive buffer. 
at fixed to 0 when parity bit is "1" 
at fixed to 1 when parity bit is "0" 
SCOPEK Parity error 
odd parity The total of "1" of parity bit and character bit is even. 
even parity The total of "1" of parity bit and character bit is odd. 
SCOFEF Framing error Stop bit is not detected. 





mJudgement of Break Status Reception 

Reception at break status can be judged. If all received data from start bit to stop bit is "0", the SCOBRKF 
flag of the SCOMD2 register is set and regard the break status. The SCOBRKF flag is set at generation 
of the reception complete interrupt SCORIRQ. 


mSequence Communication 

It is possible to transfer continuously. If data is set to the transmission data buffer TXBUFO during 
communication, the transmission buffer empty flag SCOTEMP is set to continue the communication, 
automatically. In this case, there is no pause on communication. Data should be set to TXBUFO after 
data is loaded to the inside shift register before the communication complete interrupt SCOTIRQ is 
generated. 
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Clock Setup 
At UART communication, the transfer clock is not needed, but the clock setup should be needed to 


decide the timing of the data transmission / reception in the serial interface. 
Select the timer to be used as a baud rate timer, by the SCOCKS register, and set the SCOMST flag of 
the SCOMD1 register to "1" to select the internal clock (clock master). 





| At UART communication, set the SCOMST flag of the SCOMD1 register to "1". If that is set to 
7 "0", the communication is impossible. 











When timer output is selected as serial interface transfer clock, select fosc as a clock source 
| of the timer. If other clock is selected, normal transfer of serial interface data is not guaran- 
1 


teed. 
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@Tranfer Bit Count and First Transfer Bit 

When the transfer bit is 7 bits, the data storing method to the transmission data buffer TXBUFO is 
different, depending on the first transfer bit selection. At MSB first, use the upper bits of TXBUFO for 
storing. When there are 7 bits to be transfered, as shown on figure 11-3-17, if data "A" to "G" are stored 
to bp1 to bp7 of TXBUFO, the transmission is operated from "G" to "A". At LSB first, use the lower bits of 
TXBUFO for storing. When there are 7 bits to be transfered, as shown on figure 11-3-18, if data "A" to "G" 
are stored to bp0 to bp6 of TXBUFO, the transmission is operated from "A" to "G". 








TXBUFO| G F E D C B | A | 























Figure 11-3-17 Transfer Bit Count and First Transfer Bit (starting with MSB) 


TXBUFO G F E D | C | B A 


Figure 11-3-18 Transfer Bit Count and First Transfer Bit (starting with LSB) 























Receive Bit Count and First Transfer Bit 

When the transfer bit count is 7 bits, the data storing method to the received data buffer RXBUFO is 
different depending on the first transfer bit selection. At MSB first, data are stored to the upper bits of 
RXBUFO. When there are 7 bits to be transfered, as shown on figure 11-3-19, if data""G" to "A" are stored 
to bp7 to bp1 of RXBUFO. At LSB first, data are stored to the lower bits of RXKBUFO. When there are 7 
bits to be transfered, as shown on figure 11-3-20, if data "A" to "G" are stored to bp0 to bp6 of RXBUFO. 














RXBUFO G F E D C B A A 




















Figure 11-3-19 Receive Bit Count and Transfer First Bit (starting with MSB bit) 





RXBUFO G G F E D C B A 





























Figure 11-3-20 Receive Bit Count and Transfer First Bit (starting with LSB bit) 
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The following items are same to clock synchronous serial. 
Reference as follows ; 


BFirst Transfer Bit Setup 
Refer to : XI-13 


m@ Transmission Data Buffer 
Refer to : XI-13 


mReceived Data Buffer 
Refer to : XI-13 


Transmission Buffer Empty Flag 
Refer to : XI-17 


mEmergency Reset 
Refer to : XI-18 
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Transmission Timing 





TXDO pin 





parity «/ stop + stop : 
bit J bit : bit | 














SCOTBSY 
A 
write data to TXBUFO 
Interrupt i 
(SCOTIRQ) 
Figure 11-3-21 Transmission Timing (parity bit is enabled) 
TXDO pin 
SCOTBSY 
A 
write data to TXBUFO 
Interrupt : 
(SCOTIRQ) 





Figure 11-3-22 Transmission Timing (parity bit is disabled) 
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@Reception Timing 


Tmin=0.5T T 
> +> 


‘} Stop + Stop + 

















RXDO pin 7 bit ; bit 
SCORBSY 
A: 
input start condition 
Interrupt f 
(SCORIRQ) 
Figure 11-3-23 Reception Timing (parity bit is enabled) 
Tmin=0.5T = T 
RXDO pin 
SCORBSY 
‘AS: 
input start condition . 
Interrupt mo 
(SCORIRQ) 





Figure 11-3-24 Reception Timing (parity bit is disabled) 
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Transfer Rate 

Baud rate timer (timer 2 and timer 3) can set any transfer rate. 

Table 11-3-18 shows the setup example of the transfer rate. For detail of the baud rate timer setup, refer 
to chapter 6. 6-7 serial transfer cock output operation. 


Table 11-3-18 UART Serial Interface Transfer Rate Setup Register 





























Setup Register Page 
Serial 0 clock source (timer 2, 3 output) SCOCKS XI- 11 
Timer 2 clock source TM2MD VI-7 
Timer 2 compare register TM20C VI-6 
Timer 3 clock source TM3MD VI-8 
Timer 3 compare register TM30C VI-6 








Timer 4 compare register is set as follows ; 

overflow cycle = (set value of compare register + 1) x timer clock cycle 

baud rate = 1 / (overflow cycle x 2 x 8) ("8" means that clock source is divided by 8) 
therefore, 

set value of compare register = timer clock frequency / (baud rate x 2 x 8) - 1 


For example, if baud rate should be 300 bps at timer clock source fs/4 (fosc = 8 MHz, fs = fosc/2), set 
value should be as follows ; 
Set value of comapre register = (8x 10°/ 2/4) / (300 x 2x 8) -1 

= 207 

= x'CF' 


Timer clock source and the set values of timer compare register at the standard rate are shown on the 
following page. 





C Transfer rate should be selected under 300 kbps. 
1 











of the timer. If other clock is selected, normal transfer of serial interface data is not guaran- 


C When timer output is selected as serial interface transfer clock, select fosc as a clock source 
1] 
teed. 











Operation XI - 45 


Chapter 11 Serial Interface 0 


Table 11-3-19-1 UART Serial Interface Transfer Rate (decimal) 









































Transfer rate (bps) 

fosc Clock source 300 960 1200 2400 4800 
(MHz) (timer) Set value | Calculated Value] Set value | Calculated Value) Set value | Calculated Value} Set value | Calculated Value} Set value | Calculated Value 
4.00 fosc - - - - 207 1202 103 2404 51 4808 
4.19 fosc - - = < 217 1201 108 2403 54 4761 
8.00 fosc < - 7 - - - 207 2404 103 4808 
8.38 fosc - - - - - - 217 2403 108 4805 
12.00 fosc 2 ; : z é : z 155 4808 
16.00 fosc - F - - : - - 207 4808 
16.76 | fosc z “ : : : : : : 3 : 
20.00 fosc : 2 * 7 = * = - = = 






































Table 11-3-19-2 UART Serial Interface Transfer Rate (decimal) 












































Transfer rate (bps) 
fosc Clock source 9600 19200 28800 31250 38400 
(MHz) (timer) Set value | Calculated Value} Set value | Calculated Value) Set value | Calculated Value} Set value | Calculated Value] Set value | Calculated Value| 
4.00 fosc 25 9615 12 19231 - - 7 31250 - - 
4.19 fosc 26 9699 . - = 4 = S - A 
8.00 fosc 51 9615 25 19231 7 - 15 31250 12 38462 
8.38 fosc 54 9523 26 19398 z ; - ; - - 
12.00 fosc 77 9615 38 19231 25 28846 23 31250 
16.00 fosc 103 9615 51 19231 7 - 31 31250 25 38462 
16.76 fosc 108 9610 54 19045 = . 2 = = = 
20.00 fosc 129 9615 64 19231 2 . 39 31250 : - 
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Pin Setup (1, 2 channels, at transmission) 
Table 11-3-20 shows the pins setup at UART serial interface transmission. The pins setup is common to 
the TXDO pin, RXDO pin, regardless of those pins are independent / connected. 


Chapter 11 


Serial Interface 0 


Table 11-3-20 UART Serial Interface Pin Setup (1, 2 channels, at transmission) 





Setup item 


Data output pin 


Data input pin 





TXDO pin 


RXDO pin 





Pin 


TXDO / RXDO pins 


POO 





P01 


TXDO / RXDO pins connected or independent 



































SCOMD1(SCOIOM) 
Serial data output "{" input 
Function 
SCOMD1(SCOSBOS) SCOMD1(SCOSBIS) 
Push-pull / 
Style Nch open-drain - 
SCOODC(SCOODC0) 
Output mode 
vO - 
PODIR(PODIRO) 
Added / Not added 
Pul-up - 
POPLU(POPLUO) 








Pin Setup (2 channels, at reception) 
Table 11-3-21 shows the pins setup at UART serial interface reception with 2 channels (TXDO pin, RXDO 


pin). 











Table 11-3-21 UART Serial Interface Pin Setup (2 channels, at reception) 
Data output pin Data input pin 
Setup item 
TXDO pin RXDO pin 
Pin Poo Pot 








TXDO / RXDO pin 


TXDO / RXDO pins connected or independent 
































SCOMD1(SCOIOM) 
port serial data input 
Function 
SCOMD1(SCOSBOS) SCOMD1(SCOSBIS) 

Style - ‘ 

- input mode 
vO 

- PODIR(PODIR1) 
Pull-up = - 
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Pin Setup (1 channel, at reception) 
Table 11-3-22 shows the pin setup at UART serial interface reception with 1 channel (TXDO pin). The 
RXDO pin is not used, so can be used as a port. 


Table 11-3-22 UART Serial Interface Pin Setup (1 channel, at reception) 






































Data output pin Data input pin 
Setup item 
TXDO pin RXDO pin 
Pin POO P01 
TXDO / RXDO pins connected 
TXDO / RXDO pin 
SCOMD1(SCOIOM) 
Port Serial data input 
Function 
SCOMD1(SCOSBOS) SCOMD1(SCOSBIS) 
Style - 3 
Input mode : 
vO 
PODIR(PODIRO) - 
Pull-up - 











Pin Setup (2 channels, at transmission / reception) 
Table 11-3-23 shows the pin setup at UART serial interface transmission / reception with 2 channels 
(TXDO pin, RXDO). 


Table 11-3-23_ UART Serial Interface Pin Setup (2 channels, at transmission / reception) 












































Data output pin Data input pin 
Setup item 
TXDO pin RXDO pin 
Pin POO Po1 
TDX0 / RXDO pins independent 
TXDO / RXDO pins 
SCOMD1(SCOIOM) 
Serial data output Serial data input 
Function 
SCOMD1(SCOSBOS) SCOMD1(SCOSBIS) 
Push-pull / 
Style Nch open-drain - 
SCOODC(SCOODCO) 
Output mode Input mode 
vo 
PODIR(PODIRO) PODIR(PODIR1) 
Added / Not added 
Pull-up - 
POPLU(POPLUO) 
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11-3-4 Setup Example 


Transmission / Reception Setup 
The setup example at UART transmission / reception with serial 0 is shown. 
Table 11-3-24 shows the conditions at transmission / reception. 


Table 11-3-24 UART Interface Transmision Reception Setup 





Setup item set to 


TXDO / RXDO pin 





independent (with 2 channels) 





Frame mode specification 8 bits + 2 stop bits 











First transfer bit MSB 
Clock source timer 3 
TXDO / RXDO pin type Nch open-drain 





Pull-up resistor of TXDO pin added 
Parity bit add / check "O"add / check 








Serial interface 0 transmission 


: Enable. 
complete interrupt 





Serial interface 0 reception 


: Enable. 
complete interrupt 














An example setup procedure, with a description of each step is shown below. 





Setup Procedure Description 





(1) Select prescaler operation. (1) Set the PSCEN flag of the PSCMD register to 
PSCMD (x'3F6F') "1" to select prescaler operation. 
bpO : PSCEN = 1 


(2) Select the clock source. (2) Set the bp3-0 flag of the SCOCKS 
SCOCKS (x'3F97’') register to "1110" to select timer 3 output as a 

bp2-0 : SCOPSC2-0 = 110 clock source. 
bp3 : SCOTMSEL = 1 


(3) Control the pin type. (3) Set the SCOODCO flag of the SCOODC 





SCOODC (x'3F96') 
bp0O : SCOODCO = 1 
POPLU (x'3F40') 
bp0O : POPLUO = 1 


(4) Control the pin direction. 
PODIR (x'3F30') 
bp1-0 : PODIR1-0 = 01 


(5) Select the start condition. 
SCOMDO (x'3F90') 
bp3 : SCOSTE = 1 





register to "1" to select N-ch open drain for the 
TXDO pin. Set the POPLUO flag of the POPLU 
register to "1" to add pull-up resistor. 


Set the PODIR1-0 flag of the port 0 pin direction 
control register (PODIR) to "01" to set POO to 
output mode, and P01 to input mode. 


Set the SCOSTE flag of the SCOMDO register 
to "1" to enable start condition. 
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Setup Procedure 


Description 





SCOMDO (x'3F90') 
bp4 : SCODIR = 0 


(7) Control the output data. 
SCOMD2 (x'3F92') 
bpO : SCOBRKE = 0 


(8) Select the added parity bit. 
SCOMD2 (x'3F92') 
bp3 : SCONPE = 0 
bp5-4 : SCOPM1-0 = 00 


(9) Specify the frame mode. 
SCOMD2 (x'3F92') 
bp7-6 : SCOFM1-0 = 11 


(10) Select the communication type. 
SCOMD1 (x'3F91') 
bpO : SCOCMD = 1 


(11) Select the clock frequency. 
SCOMD1 (x'3F91') 
bp3 : SCOCKM = 1 
bp2 : SCOMST = 1 


(12) Control the pin function. 
SCOMD1 (x'3F91') 
bp4 : SCOSBOS = 1 
bp5 : SCOSBIS = 1 
bp7 : SCOIOM = 0 


(13) Enable the interrupt. 
SCORICR (x'3FF5') 
bp1 : SCORIE = 1 
SCOTICR (x'3FF6') 

bp1 : SCOTIE = 1 





(6) Select the first bit to be transfered. 





(10 


(14 


(12 


(13 


— 


~~ 


~— 


— 


Set the SCODIR flag of the SCOMDO register 
to "0" to select MSB as first transfer bit. 


Set the SCOBRKE flag of the SCOMD2 register 
to "0" to select serial data transmission. 


Set the SCOPM1-0 flag of the SCOMD2 
register to "00" to select 0 parity, and set the 
SCONPE flag to "0" to add parity bit. 


Set the SCOFM1-0 flag of the SCOMD2 
register to "11" to select 8 bits + 2 stop bits at 
the frame mode. 


Set the SCOCMD flag of the SCOMD1 register 
to "1" to select duplex UART. 


Set the SCOCKM flag of the SCOMD1 register 
to "1" to select "divided by 8" at source clock. 
And, the SCOMST flag should be always set to 
"1" to select colck master. 


Set the SCOSBOS, SCOSBIS flag of the 
SCOMD1 register to "1" to set the TXDO pin to 
serial data output and the RXDO pin to serial 
data input. 


Set the SCORIE flag of the SCORICR register 
to "1", and set the SCOTIE flag ot the 
SCOTICR register to "1" to enable the interrupt 
request. 

If any interrupt request flag is already set, clear 
them. 

[« Chapter 3. 3-1-4 Interrupt Flag Setup ] 
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Setup Procedure Description 





(15) Set the baud rate timer. (15) Set the baud rate timer by the TM3MD register, 
the TM3OC register. Set the TM3EN flag to "1" to 
start timer 3. 


[« Chapter 6. 6-7 Serial Transfer Clock ] 
(16) Start serial communication. (16) The transmission is started by setting the 
The transmission data — TXBUFO transmission data to the serial transmission data 
(x'3F95') buffer (TXBUFO). When the transmission has 
The received data > input to RXDO finished, the serial 0 transmission interrupt 


(SCOTIRQ) is generated. After the serial data is 
input from the RXDO pin and the start condition is 
recognized, the received data is stored. 

When the reception has finished, the received 
data is stored to the serial received data buffer 
RXBUFO and the serial 0 reception data buffer 
interrupt SCORICR is generated. 














Note : (5) to (6), (7) to (9), (10) to (12) can be set at once. 





When the TXDO / RXDO pin are connected for communication with 1 channel, the TXDO pin 
inputs / outputs serial data. The port direction control register PODIR switches I/O. At recep- 
tion, set SCOSBIOS of the SCOMD1 register to "1" to select serial data input. The RXDO pin 
can be used as a general port. 








It is possible to shut down the communication. If the communication should be stopped by 
force, set SCOSBOS and SCOSBIS of the SCOMD1 register to "0". 








Each flag should be set as its procedure in order. Activation for communication should be 
operated after all control registers (except Table 11-2-1 : TXBUFO, RXBUFO) are set. 








Only timer 2 and timer4 can be used as a baud rate timer. 
For baud rate setup, refer to Chapter 6. 6-7 Serial Transfer Clock Output. 











When timer output is selected as serial interface transfer clock, select fosc as a clock source 
of the timer. If other clock is selected, normal transfer of serial interface data is not guaran- 
teed. 


aaa st 
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Chapter 12 A/D Converter 


12-1 Overview 


This LSI has an A/D converter with 10 bits resolution. That has a built-in sample hold circuit, and soft- 
ware can switch channel 0 to 7 (ANO to AN7) to analog input. As A/D converter is stopped, the power 
consumption can be reduced by a built-in ladder resistance. A/D converter is activated by 2 factors: a 
register setup or an external interrupt. 


12-1-1 Functions 


Table 12-1-1 shows the A/D converter functions. 


Table 12-1-1 A/D Converter Functions 














A/D Input Pins 8 pins 

Pins AN7 to ANO 
Interrupt ADIRQ 
Resolution 10 bits 





Conversion Time (Min.) | 9-6 Us(TAD = as 800 ns) 





Input range VREF- to VREF+ 














Power Consumption Built-in Ladder Resistance (ON/OFF) 
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12-1-2 Block Diagram 














































































































































































































ANCTR1 ANCTRO i ANCTR2 0 IRQ3(P23) 
ANCHSO : ; t 
ANCHS1 - E eveinal ANBUF1 5 ANBUFO F 
ANCHS2 : : | ANBUF10 - 
7 ANLADE |————— =< | interrupt contro -ANBUF11 | 
ANCKO. |— : ANBUF12 
ANCK1_|— : ul ANBUF13 
ANSHO_ | ANSTSEL |————_» A/D conversion ANBUF14 
ANSH1_ | ANST_|*———_ control ANBUF15 - 
. ss £ ANBUF16 | | ANBUFO6 
ANBUF17 |_ | ANBUFO7 ; 
A 
3 y 
VREF + RS 
ee ee 
ANOQ ——» 
AN1 ——>| 2 ; 
AN? 2 y A/D conversion data 
upper 8 bits 
AN3 mple an its A/D 
—* mux a Sample and 10 bits A/ 
AN4 —> hold comparator 5 al 
ry 1 conversion data 
AN5 —— lower 2 bits 
AN6 ——»> 
AN7 —» 
VREF - 
fs/2 
fs/4 >| a 
fs/8 MUX > 1/2 | > 
fx x2 = a 1/6 MUX 
1/18[—° 














Figure 12-1-1 A/D Converter Block Diagram 
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12-2 Control Registers 


A/D converter consists of the control register (ANCTRn) and the data storage buffer (ANBUFn). 


12-2-1 


Registers 


Table 12-2-1 shows the registers used to control A/D converter. 















































Table 12-2-1 A/D Converter Conirol Registers 
Register Address Function Page 
ANCTRO X'03FBO0' A/D converter control register 0 XVI-5 
ANCTR1 X03FB1' A/D converter control register 1 XVI-6 
ANCTR2 X'03FB2' A/D converter control register 2 XVI-6 
ANBUFO X'03FB3' A/D converter data storage buffer 0 XVI-7 
ANBUF 1 X03FB4' A/D converter data storage buffer 1 XVI-7 
ADICR X'03FFB' A/D +converter interrupt control register Ill - 29 
IRQ3ICR X'03FE5' External interrupt 3 control register Ill - 20 
EDGDT X'03F 8F' Both edges interrupt control register Ill - 36 
PAIMD X'03F3A' Port A input mode register IV - 30 
PAPLUD X03F4A' Port A pull-up/pull-down resistance control register IV - 31 








R/W : Readable/Writable 
R : Readable only 
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12-2-2 Control Registers 


A/D Converter Control Register 0 (ANCTRO) 


7 6 5 4 3 2 1 0 





(At reset: 0000- - -) 

















ANCTRO | ANSH1 ans ANCK: awoxc ane 

















ANLADE A/D ladder resistance control 





0 A/D ladder resistance OFF 
1 A/D ladder resistance ON 

















ANCK1 | ANCKO |A/D conversion clock (ftad=1/Tab) 














0 fs/2 
1 fs/4 
{ 0 fs/8 
1 fx x 2 





*xas 800 ns<TaD <15.26 us 











ANSH1 | ANSHO Sample and hold time 














0 Tap x 2 
u 1 Tap x 6 
1 0 Tap x 18 
1 Not to use 

















* Sampling and holding time is decided by 
the input impedance at analog input. 
TAD means the cycle for A/D conversion clock. 


Figure 12-2-1 A/D Converter Control Register 0 (ANCTRO : x'03FBO0', R/W) 
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A/D Converter Control Register 1 (ANCTR1) 


3 


2 


1 0 














ANCTR1 





RESERVED 





ANCHS2 





ANCHS1 | ANCHSO 














(Atreset: - - - -0000) 





ANCHS2 | ANCHS1 


ANCHS0} Analog Input Channel 
































-a-/o;/2 /;/0O0/;/-+;/oO;-+/|/oO 
> 
Zz 
wo 
U 
> 
DOA l\S | eS/Viz |S 








RESERVED 











Set always "0". 





Figure 12-2-2 A/D Converter Control Register 1 (ANCTR1 : x'03FB1', R/W) 


A/D Converter Control Register 2 (ANCTR2) 



































(At reset: 00- - 





ANSTSEL 








A/D conversion activation 
factor selection 





Set the ANST flag to "1". 





Set the ANST flag, or the 
external interrupt 3 to "1". 








ANST 





A/D conversion status 





A/D conversion is 
completed, stopped 











A/D conversion is 
started, in progress 





7 6 3 2 1 0 
ANCTR2_ | ANST |ANSTSEL 
Figure 12-2-3 A/D Converter Control Register 2 (ANCTR2 : x'03FB2', R/W) 
XII - 6 Control Registers 
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12-2-3 Data Buffers 


A/D Conversion Data Storage Buffer 0 (ANBUFO) 
The lower 2 bits from the result of A/D conversion are stored to this register. 


7 6 5 4 3 2 1 0 





(Atreset:X X------ ) 








ANBUFO ANBUFO7 |ANBUFO6 


























Figure 12-2-4 A/D Conversion Data Buffer 0 (ANBUFO : x'03FB3', R) 


A/D Conversion Data Storage Buffer 1 (ANBUF1) 
The upper 8 bits from the result of A/D conversion are stored to this register. 


7 6 5 4 3 2 1 0 





(At reset : X X X X X X X X) 
ANBUF1 ANBUF17 | ANBUF16 |ANBUF15 |ANBUF14 |ANBUF 13 |ANBUF12 |ANBUF11 |ANBUF10 





























Figure 12-2-5 A/D Conversion Data Buffer 1 (ANBUF1 : x'03FB4', R) 
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12-3 Operation 


Here is a description of A/D converter circuit setup procedure. 


(1) 


XII - 8 


Set the analog pins. 

Set the analog input pin, set in (2), to "special function pin" by the port A input mode register 
(PAIMD). 

* Setup for the port A input mode register should be done before analog voltage is put to pins. 
Select the analog input pin. 

Select the analog input pin from AN7 to ANO (PA7 to PAO) by the ANCHS2 to ANCHS0O flag of 
the A/D converter control register 1 (ANCTR1). 

Select the A/D converter clock. 

Select the A/D converter clock by the ANCK1, ANCKO flag of the A/D converter control 
register 0 (ANCTRO). 

Setup should be in such a way that converter clock is not below 800 ns with any resonator. 
Set the sample hold time. 

Set the sample hold time by the ANSH1, ANSHO flag of the A/D converter control register 0 
(ANCTRO). The sample hold time should be based on analog input impedance. 

Set the A/D ladder resistance. 

Set the ANLADE flag of the A/D converter control register 0 (ANCTRO) to "1", and a current 
flow through the ladder resistance and A/D converter goes into the waiting. 

* (2) to (5) are not in order. (3), (4) and (5) can be operated simultaneously. 

Select the A/D converter activation factor, then start A/D conversion. 

Set the ANST flag of the A/D converter control register 2 (ANCTR2) to "1" to start A/D 
converter, or set the ANSTSEL flag of the A/D converter control register 2 (ANCTR2) to "1" to 
start A/D conversion by the external interrupt IRQ3. 

* Specify the valid edge by the REDGS3 flag of the external interrupt 3 control register 
(IRQ3ICR). 

A/D conversion 

Each bit of the A/D buffer 0,1 is generated after sampling with the sample and hold time set in 
(3). Each bit is generated in sequence from MSB to LSB. 

Complete the A/D conversion. 

When A/D conversion is finished, the ANST flag is cleared to "0", and the result of the 
conversion is stored to the A/D buffer (ANBUFO, 1). At the same time, the A/D complete 
interrupt request (ADIRQ) is generated. 
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A/D conversion clock | Ps 


ANST flag 


A/D conversion start A/D conversion complete 





) J 





' 
i ret 
i — 


A/D conversion» 


— | - 
Sampling Hold i 


. _ bit 8 comparison ; = 
bit 9 comparison bit 0 comparison 
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A/D interrupt (ADIRQ) 





Figure 12-3-1 Operation of A/D Conversion 








To read the value of the A/D conversion, A/D conversion should be done several times to 
prevent noise error by confirming the match of level by program, or by using the average 


value. 
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12-3-1 Setup 


BInput Pins of A/D Converter Setup 
Input pins for A/D converter is selected by the ANCH2 to 0 flag of the ANCTR1 register. 


Table 12-3-1 Input Pins of A/D Converter Setup 
































ANCHS2| ANCHS1| ANCHSO A/D pin 
0 ANO pin 

1 AN1 pin 

: 0 AN2 pin 

1 AN3 pin 

0 AN4 pin 

: 1 AN5 pin 

’ 0 ANG pin 

1 AN7 pin 

















Clock of A/D Converter Setup 

The A/D converter clock is set by the ANCK1 to 0 flag of the ANCTRO register. Set the A/D converter 
clock (TAD) more than 800 ns and less than 15.26 us. Table 12-3-2 shows the machine clock (fosc, fx, fs) 
and the A/D converter clock (TAD). (calculated as fs = fosc/2, fx/4) 


Table 12-3-2 A/D Conversion Clock and A/D Conversion Cycle 


























A/D conversion cycle (TAD) 
A/D conversion ot z at oscillation for low 
ANCK1 | ANCKO clock at oscillation for high speed speed 

at fosc=20 MHz | at fosc=8.38 MHz | at fx=32.768 kHz 

0 fs/2 200.00 ns 477.33 ns 244.14 us 

‘ (no usable) (no usable ) (no usable ) 

400.00ns 488.28 us 

: ea (no usable) eon eors (no usable ) 

0 {s/8 800.00 ns 1.91 us See acys 

1 (no usable ) 

1 fk x2 15.26 us 15.26 us 15.26 us 























For the system clock (fs), refer to Chapter 2. 2-5 Clock Switching. 


BSampling Time (Ts) of A/D Converter Setup 
The sampling time of A/D converter is set by the ANSH1 to 0 flag of the ANCTRO register. The sampling 
time of A/D converter depends on external circuit, so set the right value by analog input impedance. 


Table 12-3-3 Sampling Time of A/D Conversion and A/D Conversion Time 




















Nias: | aaa Sampling time A/D conversion time 
(Ts) at TAD=800 ns | at TAD=954.65 ns| at TAD=1.91 us | at TAD=15.26 us 
0 TAD x2 9.60 us 11.46 us 22.92 US 183.12 us 
: 1 TAD x 6 12.80 us 15.27 us 30.56 Us 244.16 us 
; 0 TAD x 18 22.40 us 26.73 US 53.48 us 427.28 us 
1 Reserved 7 : 
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Built-in Ladder Resistor Control 

The ANLADE flag of the ANCTRO register is set to "1" to send a current to the ladder resistance for A/ 
D conversion. As A/D converter is stopped, the ANLADE flag of the ANCTRO register is set to "0" to save 
the power consumption. 


Table 12-3-4 A/D Ladder Resistor Control 




















ANLADE A/D ladder resistance control 
0 A/D ladder resistance OFF (A/D conversion stopped) 
1 A/D ladder resistance ON (A/D conversion operated) 





A/D Conversion Activation Factor Selection Setup 

The A/D conversion activation factor is set by the ANSTSEL flag of the ANCTR2 register. The ANSTSEL 
flag of the ANCTR2 register is set to "1" to start A/D conversion by the external interrupt 3. And if the 
ANST flag of the ANCTR2 register is set to "1", A/D conversion can be started. 


Table 12-3-5 A/D Conversion Activation Factor Selection 





ANSTSEL A/D conversion activation factor 
1 The external interrupt 3, or set "1" to the ANST flag 
0 Set the ANST flag to "1". 























If the external interrupt 3 is selected as the A/D conversion activation factor, specify the valid 

edge by the REDG3 flag of the external interrupt 3 control register (IRQ3ICR), and the 
EDGSEL3 flag of the both edges interrupt control register (EDGDT). 

[a Chapter 3. 3-3 External Interrupts ] 








| Specify the interrupt valid edge before the external interrupt 3 is selected as the A/D conver- 
7 sion activation factor. 











A/D Conversion Starting Setup 

A/D conversion starting is set by the ANST flag of the ANCTR2 register. The ANST flag of the ANCTR2 
register is set to "1" to start A/D conversion. When the external interrupt 3 is selected as the A/D conver- 
sion activation factor, the ANST flag of the ANCTR2 register is set to "1" to start A/D conversion, as the 
external interrupt 3 is generated. Also, the ANST flag of the ANCTR2 register is set to "1" during A/D 
conversion, then cleared to "0" as the A/D conversion complete interrupt is generated. 


Table 12-3-6 A/D Conversion Starting 




















ANST A/D conversion status 
1 A/D conversion started or in progress. 
0 A/Dconversion completed or stopped 
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12-3-2 Setup Example 


A/D Converter Setup Example by Registers 
A/D conversion is started by setting registers. The analog input pins are set to ANO, the converter clock 
is set to fs/4, and the sampling hold time is set to TAD x 6. Then, A/D conversion complete interrupt is 


generated. 
An example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 





(1) 





Set the analog input pin. 
PAIMD (x'3F3A') 
bpO : PAIMDO = 1 
PAPLUD (x'3F4A’) 
bpO : PAPLUDO = 0 


Select the analog input pin. 
ANCTR1 (x'3FB1') 
bp2-0 : ANCHS2-0 = 000 


Select the A/D converter clock. 


ANCTRO (x'3FB0') 
bp5-4 : ANCK1-0 = 01 


Set the sample and hold time. 
ANCTRO (x'3FB0') 
bp7-6 : ANSH1-0 = 01 


Set the interrupt level. 
ADICR (x'3FFA') 
bp7-6 : ADLV1-0 = 00 


Enable the interrupt. 
ADICR (x'3FFA') 
bp1 : ADIE = 1 


Set the A/D ladder resistance. 
ANCTRO (x'3FBO') 
bp3 : ANLADE = 1 





(1) 


Set the analog input pin, set in (2), to the 
special function pin by the port A input mode 
register (PAIMD). Also, set no pull-up/pull- 
down resistance by the port A pull-up/pull- 
down resistance control register (PAPLUD). 


Select the analog input pin from AN7-0 (PA7- 
0) by the ANCHS2-0 flag of the A/D converter 
control register 1 (ANCTR1). 


Select the A/D converter clock by the 
ANCK1, ANCKO flag of the A/D converter 
control register 0 (ANCTRO). 


Set the sample and hold time by the ANSH1, 
ANSHO flag of the A/D converter control 
register 0 (ANCTRO). 


Set the interrupt level by the ADLV1-0 flag of 
the A/D conversion complete interrupt control 
register (ADICR). If any interrupt request flag 
is already set, clear them. 

[a Chapter 3. 3-1-4 Interrupt Flag Setting ] 


Enable the interrupt by setting the ADIE flag 
the ADICR register to "1". 


Set the ANLADE flag of the A/D converter 
control register 0 (ANCTRO) to "1" to senda 
current to the ladder resistance for the A/D 
conversion. 
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Setup Procedure 


Description 





(8) Start the A/D conversion. 
ANCTR2 (x'3FB2’) 
bp6 : ANSTSEL = 0 


(9) Start the A/D conversion operation. 


ANCTR2 (x'3FB2’) 
bp7 : ANST = 1 


(10) Complete the A/D conversion. 
ANBUFO (x'3FB3') 
ANBUF1 (x'3FB4') 








(10 


— 


Set the ANSTSEL flag of the A/D converter 
control register 2 (ANCTR2) to "0", and select 
"writing to the ANST flag of the A/D converter 
control register 2 (ANCTR2)"as the A/D 
converter activation factor. 


Set the ANST flag of the A/D converter control 
register 2 (ANCTR2) to "1" to start the A/D 
conversion. 


When the A/D conversion is finished, the A/D 
conversion complete interrupt is generated 
and the ANST flag of the A/D converter control 
register 2 (ANCTR2) is cleared to "0". The 
result of the conversion is stored to the A/D 
converter buffer (ANBUFO, 1). 








Note : The above (3) to (4) can be set at once. 
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A/D Conversion Setup Example by External Interrupt 3 

The A/D conversion is started by the external interrupt 3. The analog input pin is set to ANO, the con- 
verter clock is set to fs/4, and the sample hold time is set to TAD x 6. Then, the A/D conversion complete 
interrupt is generated. 
An example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 








Set the analog input pin. 
PAIMD (x'3F3A') 
bpO : PAIMDO = 1 
PAPLUD (x'3F4A’) 
bp0 : PAPLUDO = 0 


Select the analog input pin. 
ANCTR1 (x'3FB1') 
bp2-0 : ANCH2-0 = 000 


Select the A/D converter clock. 
ANCTRO (x'3FB0") 
bp5-4 : ANCK1-0 = 01 


Set the sample hold time. 
ANCTRO (x'3FB0") 
bp7-6 : ANSH1-0 = 01 


Specify the external interrupt 3 valid 
edge. 
IRQ3ICR (x'3FE5') 
bp5 : REDG3 = 1 


Set the interrupt level. 
ADICR (x'3FFA') 
bp7-6 : ADLV1-0 = 10 


Enable the interrupt. 
ADICR (x'3FFA’) 
bp1 : ADIE = 1 





Set the analog input pin that set in (2), to the 
special function pin by the port A input mode 
register (PAIMD). Also, set no pull-up/pull- 
down resistance by the port A pull-up/pull- 
down resistance control register (PAPLUD). 


Select the analog input pin from AN7-0 (PA7- 
0) by the ANCHS2-0 flag of the A/D converter 
control register 1 (ANCTR1). 


Select the A/D converter clock by the 
ANCK1, ANCKO flag of the A/D converter 
control register 0 (ANCTRO). 


Set the sample hold time by the ANSH1, 
ANSHO flag of the A/D converter control 
register 0 (ANCTRO). 


Specify the valid edge by the REDGS flag of the 
external interrupt 3 control register (IRQ3ICR). 


Set the interrupt level by the ADLV1-0 flag of 
the A/D conversion complete interrupt control 
register (ADICR). If any interrupt request flag 


is already set, clear them. 
[€ Chapter 3. 3-1-4 Interrupt Flag Setup ] 


Enable the interrupt by setting the ADIE flag of 
the ADICR register to "1". 
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Setup Procedure Description 
(8) Set the A/D ladder resistance. (8) Set the ANLADE flag of the A/D converter 
ANCTRO (x'3FBO0') control register 0 (ANCTRO) to "1" to send a 
bp3 : ANLADE = 1 current to the ladder resistance for the A/D 
conversion. 


(9) Select the A/D converter activation (9) Set the ANSTSEL flag of the A/D converter 


factor. control register 2 (ANCTR2) to "1", and select 
ANCTR2 (x'3FB2') “writing to the ANST flag of the A/D converter 
bp6 : ANSTSEL = 1 control register 3 (ANCTR3), the external 
interrupt 3"as the A/D converter activation 
factor. 
(10) Start the A/D conversion. (10) When the external interrupt 3, set in (5) is 
ANCTR2 (x'3FB2') generated, the ANST flag of the A/D converter 
bp7 : ANST = 1 control register 2 (ANCTR2) is set to "1" to start 
the A/D conversion. And even if the external 
interrupt 3 is not generated, the A/D conversion 
is started by setting the ANST flag of the A/D 
converter control register 3 (ANCTR3) to "1". 
(11) Complete the A/D conversion. (11) When the A/D conversion is finished, the A/D 


conversion complete interrupt is generated, 
and the ANST flag of the A/D converter control 
register 2 (ANCTR2) is cleared to "0". 

The result of the conversion is stored to the A/D 
converter buffer (ANBUFO, 1). 














Note : The above (3) to (4) can be set at once. 


Even if the external interrupt 3 is generated during A/D conversion, the A/D converter is 
operated in normal. 
Also, once the A/D conversion is finished, it is never started again. 


Operation XII - 15 


Chapter 12 A/D Converter 


12-3-3 Cautions 


A/D conversion can be damaged by noise easily, hence anti-noise transaction should be operated. 


BAnti-noise transaction 
For A/D input (analog input pin), add condenser near the Vss pins of microcontroller. 








ANO Power supply 


\ 


AN7 
Set near the Vss pin 

















Figure 12-3-2 A/D Converter Recommended Example 1 
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For high precision of A/D conversion, the following cautions on A/D converter should be 
C kept. 
= 1. The input impedance R of A/D input pin should be under 500 kQ”', and the external 
capacitor C (more than 1000 pF, under 1 uF)". 
2. The A/D conversion frequency should be set with consideration of R, C time constant. 
3. At the A/D conversion, if the input level of micro controller is changed, or the 
peripheral added circuit is switched to ON/OFF, the A/D conversion may work 
wrongly, because the analog input pins and power pins does not fix. At the check of 
the setup, confirm the wave form of analog input pins. 


Equivalent circuit block that 











outputs analog signal microcontroller 
R 

\\\y A/D input pin 
ae om 
7IT | 1, ! 

Sela Se Se Be el i Vss aan eA 
1 wF2C21000 pF *1 
as R<500 kQ “1 : That value is for reference. 


Recommended Connection with A/D Converter 
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13-1 EPROM Version 


13-1-1 Overview 


EPROM version is microcomputer which was replaced the mask ROM of the MN101C539 with an elec- 
tronically programmable 24 KB. 


The MN101CP539HT is sealed in plastic. Once data is written to the internal PROM, it cannot be erased. 
We offer a 48-pin flat package of plastic. 


Setting the EPROM version to EPROM mode, functions as a microcomputer are halted, and the internal 
EPROM can be programmed. For EPROM mode pin connection, refer to figure 13-1-2. Programming 
Adapter Connection. 


The specification for writing to the internal EPROM are the same as for a general-purpose 256 K-bit 
EPROM (Vep=12.5 V, tpw=1.0 ms). Therefore, by using a dedicated programming adapter (supplied by 
Panasonic) which can convert the 48 pin of EPROM version to 28 pin, having the same configuration as 
a normal EPROM, a general-purpose EPROM writer can be used to perform read and write operations. 


The EPROM Version is described on the following items : 
- Cautions on use of the internal EPROM 
- Differences between mask ROM vers. and EPROM vers. 
- Writing to the Microcomputer with internal EPROM 
- Cautions on handling a ROM writer 
- Programming adaptor connection 
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13-1-2 Cautions on Use 


EPROM Version differs from the MN101C539 series mask ROM version in some of its electrical charac- 
teristics. Cautions on use of this version are as follows : 


(1) Because of device characteristics of the MN101CP539HT, a writing test cannot be performed on all 
bits. Therefore, the reliability of data writing may not be 100% ensured. 


(2) When a program is written, be sure that Vop power supply (6 V) is connected before applying the Ver 
power supply (12.5 V). Disconnect the Ver supply before disconnecting the Vop supply. 


(3) Ver should never exceed 13.5 V including overshoot. 
(4) lf a device is removed while a Ver of +12.5 V is applied, device reliability may be damaged. 
(5) At NCE=Vi, do not change Vpp from Vit to +12.5 V or from +12.5 V to Vit. 


(6) After a program is written, screening at a high temperature storage is recommended before 
mounting. 


Program/Read 


L 


High temperature storage 


125 °C - 48h 





Mounting 


L 
L 
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13-1-3 Differences between Mask ROM version and EPROM version 


The differences between the 8-bit microcomputer MN101C539 (Mask ROM vers.) and MN101CP539 
(internal EPROM version) are as follows ; 


Table 13-1-1 Differences between Mask ROM version and internal EPROM version 








MN101C539 MN101CP539 
(Mask ROM version) (EPROM version) 
Operating ambient temperature - 40°C to 85°C -20°Cto 85°C 





2.0 V to 5.5 V (1.00 us / at 2 MHz) |2.7 V to 5.5 V (1.00 us / at 2 MHz) 
Operating voltage 2.0 V to 5.5 V (62.5 us / at 32 kKHz)|2.7 V to 5.5 V (62.5 us / at 32.768 KHz) 








Pin DC Characteristics Output current, input current and input judge level are the same. 





Matching evaluation of each oscillator is necessary 


Oscillation Characteristics : : 
when these versions are rotated for mass production 





Matching evaluation of each oscillator is necessary 


Noise Characteristics 
when these versions are rotated for mass production 














There are no other functional differences. 
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13-1-4 Writing to Microcomputer with Internal EPROM 


The device type that set by each ROM writer should be selected the mode for writing 256 K-bit EPROM. 
Set the writing voltage to 12.5 V. 


mMounting the device in the programming adapter and the position of the No.1 pin. 





No.1 pin of the device must be 
matched to this position. 


Product name 
OTP48TF7-101CP53 





No.1 Pin 


top view 











(MN101CP539HT) 


Figure 13-1-1 Mounting a Device in Programming Adapter and the Position of No.1 Pin 
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BROM Writer Setup 


The device types should be set up as listed below. 


Table 13-1-2 Setup for Device Type 

















Equip. name Vendor Device type Remarks 
Pecker30 Aval Data Mitsubishi 27C256 
R4945A Advantest Mitsubishi 27C256 
AF-9705 Ando _| Mitsubishi 27C256 
Electronic 
LabSite Data VO Miisubisho7eo5e (|| 0° POCtUe ID checkcand pin 








connection inspection. 








The above table is based on the standard samples. 
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13-1-5 Cautions on Operation of ROM Writer 


Cautions on Handling the ROM writer 

(1) The Ver programming voltage for the EPROM versions is 12.5 V. 
Programming with a 21 V ROM writer can lead to damage. The ROM writer specifications must 
match those for standard 256 K-bit EPROM : Ver=12.5 V ; tow=1.0 ms. 

(2) Make sure that the socket adapter matches the ROM writer socket and that the chip is correctly 
mounted in the socket adapter. Faulty connections can damage the chip. 

(3) After clearing all memory the ROM writer, load the program to the ROM writer. 

(4) After confirming the device type, write the loaded program in (3) to this LSI address, from x'4000' to 


the final address of the internal ROM. 
(5) Internal ROM of this LSI is programmed with 256 K-bit programming mode (X'0000' to X'7FFF') of the 


ROM writer. However, assigned address for the memory space of 24 KB EPROM is X'4000' to 
X'9FFF' of memory address on this LSI. Due to this address specification, not all the space can be 
written during OTP programming . 

With regard to this problem, programming address of this LSI's hardware is assigned to X'0000' to 
X'5FFF'. Therefore, when OTP is programmed, address should be downshifted for what equivalent to 
X'4000". 


Example) To convert data X'4000' to X'9FFF' into X'0000' to X'SFFF' of Intel HEX format file. 


EXCV101 -R4000,9FFF -A0000 xxx.ex (EX format file) 
*xxx.hex (Intel HEX format file) 





On this LSI, program to be loaded should be converted to his LSI is from x'4000". 


[€ MN101C series cross assembler User's manual 1.4 
Activation of file conversion utility ] 








The internal ROM space of this LSI is from x'4000'. 
[« Chapter 2 2-2. Memory Space ] 








This writer has no internal ID codes of "Silicon Signature" and "Intelligent Identifier" of the 
auto-device selection command of ROM writer. If the auto-device selection command is to be 
executed for this writer, the device is likely damaged. Therefore, never use this command. 











Read the following cautions before ordering ROM. 

Do not use the HEX file used for OTP programming for ordering ROM. Use the HEX file 
without downshifted address. 

In downshifted address file, program data is stored in X'0000' to X'5FFF'. 

In file without downshifted address, data X'FF is stored in X'0000' to X'3FFF', and 

program data is stored in X'4000' to X'9FFF'. 

There is no problem in ordering ROM using EX format file. 


aap] 8 
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mWhen the writing is disabled 

When the writing is disabled, check the following points. 

1) Check that the device is mounted correctly on the socket (pin bending, connection failure). 

2) Check that the erase check result is no problem. 

3) Check that the adapter type is identical to the device name. 

4) Check that the writing mode is set correctly. 

5) Check that the data is correctly transferred to the ROM writer. 

6) Recheck the check points (1), (2) and (3) provided on the above paragraph of 'Cautions on Handling 
the ROM writer’. 


( 
( 
( 
( 
( 
( 
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13-1-6 Programming Adapter Connection 


Vss 
Vss 
VPP 
Vss 
Vss 
Vss 
Vss 


~<a— NCE 








P63 36 |<i—— A3 
P62 35 |~<ai— A2 
P61 34 |<a— Al 
P60 33 |~<—— AO 

















A4—| 37 P64 P10 24 |<«— A14 
AS ——| 38 P65 Vss 
A6 —| 39 P66 Po2 22 |~t— NOE 
A7 ——| 40 P67 Vss 
Vss 41 P70 Vss 
Vss 42 P71 OPEN 
MN101CP539HT 

Vss 43 P27 - 48 pin TQFP - oe 
Vop 44 MMOD Vss 
D7 ~+-| 45 P87 Vss 
De —t-&| 46 P86 Vss 
D5 ~<+| 47 P85 Vpp 
D4 ~a 3] 48 P84 Vss 





O 


D3 =i— 


D2 
D1 
DO 
Vss 
A8 
AQ 
A10 
Al2 
A13 
Vss 


Alt 


Package Code TQFP048-P-0707B 


Figure 13-1-2. MN101CP539HT EPROM Programming Adapter Connection 


Refer to the pin connection drawing of the 256 K-bit EPROM (27C256). 
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13-2 Probe Switches 
13-2-1 PX-CN101-M 


This board can be used for any MBB models(product No.PRB-MBB101***-M) of MN101 series. 
(Please visit our website for the latest information on the product.) 


Figurel.PX-CN101-M Layout 


An mnie cen 


el 





< How to connect > 


Figure2.Connecting a PX-CN101-M to a MBB board 





Connector board (PX-CN101-M) 












| 
PRUE EEE EEE 
iW, 





Make sure that the points marked 






would be put together. 
[ Caution] ] 






MBB board (PRB-MBB101***-M) 


[ Caution] ] 

Connect CNC of PX-CN101-M to CNC of PRB-MBB101***-M, and 

CND of PX-CN101-M to CND of PRB-MBB101***-M. 

When connecting the boards, make sure that they are connected without tilt. 

If you put pressure on one side of the board, that may cause any damage to the pins. 
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13-2-2  PRB-ADP101C539(48PIN)-M 


This board can be used for only MN101C539 (48pin). 
When connected to the target, use this board with PRB-MBB101C53-M 
Improper matching may cause any damage to the ICE. 


Figure 1.Adapter Board Layout 





< How to connect > 


Connector board : PX-CN101-M 





MBB board : PRB-MBB101C**-M 






Make sure that the points 
marked would be put together. 
[Caution1] 










f 


Adapter board : PRB-ADP101C539(48PIN)-M 


[Caution1] 

Connect CNE of PRB-MBB101C**-M to CNE of PRB-ADP101C539(48PIN)-M, and 
CNF of PRB-MBB101C**-M to CNF of PRB-ADP101C539(48PIN)-M. 

When connect the boards, make sure that they are connected without tilt. 

If put pressure on one side of the board, that cause any damage to the pins. 
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13-2-3_ PRB-DMY101C53-M 


Dummy target boards differ depending upon the models. This board can be used for only 
101053. 

When unconnected to the target, use this board with the PRB-MBB101C53-M. 

Improper matching may cause any damage to the ICE 





< How to connect > 


Connector board : PX-CN101-M 







*\ MBB board : PRB-MBB101C53-M 







Make sure that the points 
marked would be put together. 
[ Caution’ ] 






a; 


Dummy target : PRB-DMY101C53-M 


[ Caution1 ] 

Connect CNE of PRB-MBB101C53-M to CNE of PRB-DMY101C53-M, and 
CNF of PRB-MBB101C53-M to CNF of PRB-DMY101C53-M. 

When connect the boards, make sure that they are connected without tilt. 

If put pressure on one side of the board, that cause any damage to the pins. 
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13-2-4 PRB-MBB101C53-M 


- This probe must be used with the following boards. 

- Connector board : PX-CN101-M 

- MBB board : PRB-MBB101C53-M 

- Adapter board : PRB-ADP101C539(48PIN)-M 

- Dummy target : PRB-DMY101C53-M 

The dummy target should be connected when ICE is operated independently, the adapter 
board should be connected at connection to the target. 
- This probe is mounted the switches for mask option. 
The setting of the switches shown below. 
Table 1.Table of setting option switches. 






































OP 
Number on oe 
OPO no operation 
OP1 Operate the watchdog timer at | Stop the watchdog timer at reset is 
reset is released. released. 
Reset interruption occurs by hase eal nae by overflow of 
; watchdog timer of the 1st time. 
Une ovenion Gh walendey IMEn-Os (If overflow of watchdog timer occurs by 
the 1st time : : : g | 
; continuation twice, reset will occur. ) 
Reset by the hardware 
. Reset by the hardware 
i ee aT eee at watchdog timer count No 2415 
OP4 no operation 
OP5 no operation 





Figure1.Layout of option switches 


Option 
switches 







Default control 





* 
Connector . == 
board a. | 


res Ratan ot 


MBB board ip 
[PRB-MBB101C53-M] 





Adapter board 


Dummy target [PRB-ADP101C53-M]] 
[PRB-DMY101C53-M] 
- When ICE is operated independently. - At connection to the target 


Probe Switches XIII -— 13 


Chapter 13. Appendices 


13-3 Special Function Registers List 


Bit Symbol / Initial Value / Description 

Bit 5 Bit 4 Bit 3 

OSCSEL1 OSCSELO OSCDBL STOP HALT OSsC1 OSCO 
1 1 0 0 0 0 0 


Address Register 











X'3F00" 


Division Rate Setup Internal System} STOP mode | HALT mode Oscillation Control 


Clock Setup Setup Setup 
lOwOo IVBM EXMEM - IRWE 
1 1 0 0 S 0 











X'3F01' MEMCTR : : 
Interrupt Vector} Set always Switch Software Writes 


Address to "0" Wait Setup 
WDTC2 WDTC1 WDTCO WDTS1 WDTSO 
0 0 0 1 1 0 


The lowest value for clear Setup Watchdog Time-out WDT 


/O Wait Setup 











X'3F02' 


Period Setup Activation 
BUZOE BUZS1 BUZSO DLYS1 DLYSO - - 
0 0 0 0 1 0 7 % 


Enable Buzzer 




















X'3F03' DLYCTR 
Oscillation Stabilization 


Buzzer Output Frequency Setup 
Output Wait Cycle Setup 
- - - SOSC2DS | RESERVED 
- - - 0 0 
Low Frequency] Set always 
Divided by 2 to "0" 
POOUT6 POOUT2 POOUT1 POOUTO 
x Xx x x 
Port 0 
Output Data 
- P10UT4 P10UT3 P10UT2 P10UT1 P10UTO 
- x x x x 0 
Port 1 Output Da’ 








X'3FOD' 

















X'3F10" 





Port 0 Output Data 











X'3F11' 





P2OUT7 
‘Al 
Port 2 
Output Data 








X'3F12' 





P6OUT7 P6OUT6 P6OUT5 P6OUT4 P6OUT3 P6OUT2 P6OUT1 P6OUTO 
x x x x Xx x x Xx 


Port 6 Output Data 








X'3F16' 





P7OUT1 P7OUTO 
Xx Xx 


Port 7 Output Data 





X'3F17' 








P8OUT7 P8OUT6 P80UT5 P8O0UT4 P80UT3 P80UT2 P80UT1 P8O0UTO 
x x x Xx x x x x 


Port 8 Output Data 





X'3F18' 








PAOUT7 PAOUT6 PAOUTS5S PAOUT4 PAOUT3 PAOUT2 PAOUT1 PAOUTO 
Xx Xx x x Xx Xx Xx x 


Port A Output Data 





























X'SF1A' 





PCOUTO 
x 


Port C 
Output Data 





X'3F1C' 






































Note) x : Initial value is unstable. - : No register is allocated. 


XII - 14 Special Function Registers List 


Chapter 13. Appendices 


Bit Symbol / Initial Value / Description 

Bit 5 Bit 4 Bit 3 
POIN6 POIN1 

x Xx 
Port 0 Port 0 Intput Da 
Intput Data 
- P1IN2 P1IN1 

me x x 


Port 1 Intput Data 


Address Register 








X'3F20" 














X'3F21' 








P2IN7 P2IN2 P2iN1 
1 x x 














X'3F22' 





Port 2 Port 2 Intput Data 
Intput Data 


P6IN7 P6IN4 P6IN3 P6IN2 P6IN1 
x x Xx Xx x 








X'3F26' 





Port 6 Intput Data 





P7IN1 P7INO 
Xx x 





X'3F27' 





Port 7 Intput Data 





P8IN4 P8IN3 P8iN1 P8INO 
x Xx x Xx 





X'3F28' 





Port 8 Intput Data 





PAIN4 PAIN3 
x Xx 








X'3F2A' 
Port A Intput Data 





PCINO 
x 
Port C 
Intput Data 
PARDWN P7RDWN - 
0 0 - 
PA Pull up/down P7 Pull up/down 
Selection Selection 
P1OMD4 P1OMD3 P1OMD2 P1OMD1 P1OMDO 
0 0 0 0 0 
Port 1 Special Function Pin Output Control 





X'3F2C' 











X'3F2E' 





IV - 24,31 





X'SF2F' 








PODIR6 PODIR2 PODIR1 PODIRO 
0 0 0 0 
Port 0 /O Port 0 I/O Direction Control 
Direction Control 
- P1DIR4 P1DIR3 P1DIR2 P1DIR1 P1DIRO 
- 0 0 0 0 1 
Port 1 I/O Direction Control 





X'3F30" 











X'3F31' 











P6DIR7 P6DIR6 P6DIR5 P6DIR4 P6DIR3S P6DIR2 P6DIR1 P6DIRO 
0 0 0 0 0 0 0 0 
Port 6 I/O Direction Control 








X'3F36' 





P7DIR1 P7DIRO 
0 0 
Port 7 I/O Direction Control 








X'3F37' 



































Note) x : Initial value is unstable. - : No register is allocated. 


Special Function Registers List XI - 15 


Chapter 13 


Address 


X'3F38' 


Appendices 


Register 


Bit Symbol / Initial Value / Description 





P8DIR7 


P8DIR6 


Bit 5 
P8DIR5 


Bit 4 
P8DIR4 


Bit 3 
P8DIR3 


P8DIR2 


P8DIR1 P8DIRO 





0 


0 


0 


0 


0 


0 


0 0 





Port 8 I/O Direction Control 





X'3F3A' 


PAIMD7 


PAIMD6 


PAIMD5 


PAIMD4 


PAIMD3 


PAIMD2 


PAIMD1 PAIMDO 





0 





0 





0 


0 





0 





0 


0 0 











Port A Analog 


nput Selection 





X'3F3C' 


PCDIRO 





0 





Port C VO 
Direction Control] 





X'3F3F' 


PADIR7 


PADIR6 


PADIRS 


PADIR4 


PADIR3 


PADIR2 


PADIR1 PADIRO 





0 


0 


0 


0 


0 


0 


0 0 





Port A I/O Direction Control 





X'3F40" 


POPLU6 


POPLU2 


POPLU1 POPLUO 





0 


0 


0 0 





Port 0 Pull-up 
Control 


Port 0 Pull-up Control 





X'3F41' 


P1PLU4 


P1PLU3 


P1PLU2 


P1PLU1 P1PLUO 





0 


0 


0 


0 0 





Port 1 Pull-up Control 





X'3F42' 


P2PLU3 


P2PLU2 


P2PLU1 P2PLUO 





0 


0 


0 0 





Port 2 Pull-up Control 





X'3F46' 


X'3F47' 


P7PLUD 


P6PLU7 


P6PLU6 


P6PLU5 


P6PLU4 


P6PLU3 


P6PLU2 


P6PLU1 P6PLUO 





0 





0 





0 


0 








0 





0 


0 0 








Port 6 Pull-up Control 


P7PLUD1 P7PLUDO 








0 0 





Port 7 
Pull-up/Pull-down Control 





X'3F48' 


P8PLU7 


P8PLU6 


P8PLUS 


P8PLU4 


P8PLU3 


P8PLU2 


P8PLU1 P8PLUO 





0 


0 


0 


0 


0 


0 


0 0 





Port 8 Pull- 


up Control 





X'3F4A' 


PAPLUD 


PAPLUD7 


PAPLUD6 


PAPLUDS5 


PAPLUD4 


PAPLUD3 


PAPLUD2 


PAPLUD1 PAPLUDO 





0 


0 


0 


0 


0 


0 


0 0 





Port A Pull-up/Pull-down Contro! 





X'3F4C' 


X'3F4E' 


PCPLUO 





0 





P6KYEN7 


P6KYEN6 


P6KYEN5S 


P6KYEN4 


P6KYEN3 


P6KYEN2 P6KYEN1 P6KYENO 


Port C 
Pull-up Control 





0 


0 


0 


0 


0 


0 


0 0 





Port 6 Key Input Interrupt Pin Selectio 





X'3F4F' 





PAODC7 


PAODC6 


PAODC5 


PAODC4 


PAODC3 


PAODC2 


PAODC1 PAODCO 





0 





0 





0 











0 


0 


0 








0 0 








Note) x : Initial value is unstable. - : No data 


XII - 


16 Special Function Registers List 


Port A Output Style Selection 








Chapter 13. Appendices 


Bit Symbol / Initial Value / Descripti 


Address Register 
Bit 5 Bit 4 Bit 3 





TM2BC7 TM2BC6 TM2BC5 TM2BC4 TM2BC3 TM2BC2 TM2BC1 TM2BCO 
Xx Xx x x x Xx x x 





X'3F58' 





Timer 2 Binary Counter 





TM3BC7 TM3BC6 TM3BC5 TM3BC4 TM3BC3 TM3BC2 TM3BC1 TM3BCO 
Xx x Xx Xx x x Xx Xx 








X'3F59' 
Timer 3 Binary Counter 





TM20C7 TM20C6 TM20C5 TM20C4 TM20C3 TM20C2 TM20C1 TM20C0 
Xx x Xx Xx x x x Xx 





























X'3F5A' 
Timer 2 Output Compare Register 





TM30C7 TM30C6 TM30C5 TM30C4 TM30C3 TM30C2 TM30C1 TM30CO 
Xx x Xx Xx x x x Xx 








X'3F5B' 
Timer 3 Output Compare Register 





TM2MOD TM2PWM TM2EN TM2CK2 TM2CK1 TM2CKO 
0 0 0 0 0 0 








X'3F5C' 


Timer 2 Pulse [PWM Operation) Timer 2 Timer 2 Clock Source Selection 


Width 
Measurement Selection | Count Control 





- TM3CAS TM3EN TM3CK2 TM3CK1 TM3CKO 
- 0 0 0 0 0 
Cascade  |Timer 3 Count Timer 3 Clock Source Selection 








X'3F5D' 


Selection Control 
- - TM2PSC1 TM2PSCO TM2BAS 
- . x x x 


Timer 2 Count Clock Setting 








X'3F5E' 





(Prescaler Output) 


TM3PSC1 TM3PSCO TM3BAS 
x Xx Xx 








X'3FSF' 





Timer 3 Count Clock Setting 
(Prescaler Output) 


TM6BC7 TM6BC6 TM6BC5 TM6BC4 TM6BC3 TM6BC2 TM6BC1 TM6BCO 
Xx x Xx Xx x x Xx Xx 
































X'3F68' 
Timer 6 Binary Counter 





TM60C7 TM6OC6 TM6O0C5 TM60C4 TM60C3 TM60C2 TM6OC1 TM6OCO 
Xx x x x x x x x 








X'3F69' : 
Timer 6 Output Compare Register 





TM6CLRS TM6IR2 TM6IR1 TM6IRO TM6CK3 TM6CK2 TM6CK1 TM6CKO 
0 0 0 0 0 0 0 0 


Counter Clear | Time Base Timer Interrupt Cycle Selection Timer 6 Clock Source Selection Time Base 
: Timer Clock 
Selection Source Selection 





X'3F6A' 

















X'3F6B' ae 
Time Base Timer Clear Control Register (For Writing Only 





RMETM2 RTM7EN TM7RM RMOEN RMDTY1 RMDTYO RMBTMS 
0 0 1 0 0 0 0 
RQ2 Hardware Timer 7 P10 Special Remote Control) © Remote Control Duty Remote Control 
Control Function Output . Base Timer 
Selecrion |Count Control) — Selection Output Enable Selection Slection 
# 7 - = PSCEN 
: ; : 7 0 
Prescaler 








X'3F6E' 











X'SF6F' 


Count Control 






































Note) x : Initial value is unstable. - : No register is allocated. 


Special Function Registers List XIII - 17 




























































































































































































Chapter 13 Appendices 
; Bit Symbol / Initial Value / Description 
Address Register - - - - - - - - Page 
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 
TM7BCL7 TM7BCL6 TM7BCL5 TM7BCL4 TM7BCL3 TM7BCL2 TM7BCL1 TM7BCLO 
x x x x x x x x 
X'3F70' TM7BCL : - ; VIl-8 
Timer 7 Binary Counter Lower 8 bits 
TM7BCH7 TM7BCH6 TM7BCH5 TM7BCH4 TM7BCH3 TM7BCH2 TM7BCH1 TM7BCHO 
x x x x x x % x 
X'3F71' TM7BCH : ; : VIl-8 
Timer 7 Binary Counter Upper 8 bits 
TM7OC1L7 | TM7OC1L6 | TM7OC1L5 | TM7OC1L4 | TM7OC1L3 | TM70C1L2 | TM70C1L1 | TM70C1LO 
x x x x x x x x 
X'3F72' TM70C1L VIL-6 
Timer 7 Output Compare Register 1 Lower 8 bits 
TM70C1H7 | TM7OC1H6 | TM70C1H5 | TM70C1H4 | TM7OC1H3 | TM7OC1H2 | TM70C1H1 | TM70C1HO 
x x x x x x x x 
X'3F73' TM70C1H - - - Vil-6 
Timer 7 Output Compare Register 1 Upper 8 bits 
TM7PR1L7 | TM7PR1L6 | TM7PRiL5 | TM7PR1L4 | TM7PR1L3 | TM7PR1L2 | TM7PRiL1 | TM7PR1LO 
x x x x x x x x 
X'3F74' TM7PR1iL - : : VIl-7 
Timer 7 Preset Register 1 Lower 8 bits 
TM7PR1H7 | TM7PR1H6 | TM7PR1H5 | TM7PR1H4 | TM7PR1H3 | TM7PR1H2 | TM7PR1H1 | TM7PR1HO 
x x x x x x x x 
X'3F75' TM7PR1H VIl-7 
Timer 7 Preset Register 1 Upper 8 bits 
TM7ICL7 TM7ICL6 TM7ICL5 TM7ICL4 TM7ICL3 TM7ICL2 TM7ICL1 TM7ICLO 
x x x x x x x x 
X'3F76' TM7ICL VIl-8 
Timer 7 Input Capture Register Lower 8 bits 
TM7ICH7 TM7ICH6 TM7ICH5 TM7ICH4 TM7ICH3 TM7ICH2 TM7ICH1 TM7ICHO 
x x x x x x x x 
X'3F77' TM7ICH - , : VIL-8 
Timer 7 Input Capture Register Upper 8 bits 
RESERVED TM7CNC TM7CL TM7EN TM7PS1 TM7PSO TM7CK1 TM7CKO 
0 0 1 0 0 0 0 0 
X'3F78' TM7MD1 7 : : : - VIl-9 
Set always Timer 7 Timer 7 Output Timer 7 Timer 7 Count Clock Timer 7 Clock Source 
Count Control : ; 
to "0" Switching Reset Control | Count Control Selection Selection 
T7ICEDG T7PWMSL TM7BCR TM7PWM TM7IRS1 T7ICEN T7ICT1 T7ICTO 
0 0 0 0 0 0 0 0 
X'3F79' TM7MD2 - F : , : VIl- 10 
Capture Trigger | PWM Mode | Clear Factor |Timer 7 epi Pe Enable Capture} Timer 7 Capture Trigger 
nterrupt Factor 
dge Selection} Selection Selection Selection election Operation Selection 
TM7O0C2L7 | TM70C2L6 | TM7O0C2L5 | TM7O0C2L4 | TM70C2L3 | TM70C2L2 | TM70C2L1 | TM70C2L0 
x x x x x x x x 
X'3F7A' TM70C2L 7 F : VIl-6 
Timer 7 Output Compare Register 2 Lower 8 Bits 
TM70C2H7 | TM70C2H6 | TM70C2H5 | TM70C2H4 | TM70C2H3 | TM70C2H2 | TM70C2H1 | TM7O0C2HO 
X'3F7B' TM70C2H 2 z = S 4 as : 
Timer 7 Output Compare Register 2 Upper 8 Bits wee 
TM7PR2L7 | TM7PR2L6 | TM7PR2L5 | TM7PR2L4 | TM7PR2L3 | TM7PR2L2 | TM7PR2L1 | TM7PR2L0 
X x x x x x x Xx 
X'3F7C' TM7PR2L VIL-7 
Timer 7 Preset Register 2 Lower 8 bits 
TM7PR2H7 | TM7PR2H6 | TM7PR2H5 | TM7PR2H4 | TM7PR2H3 | TM7PR2H2 | TM7PR2H1 | TM7PR2HO 
x x x x x x x x 
X'3F7D' TM7PR2H 7 ; - VIl-7 
Timer 7 Preset Register 2 Upper 8 bits 








Note) x : Initial value is unstable. - : No register is allocated. 
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Bit Symbol / Initial Value / Description 
Bit 5 Bit 4 Bit 3 


P21IM NF1SCK1 NF1SCKO NF1EN NFOSCK1 NFOSCKO NFOEN 
0 0 0 0 0 0 0 
ACZ Input IRQ1 Noise Filter Sampling | IRQ1 Noise IRQO Noise Filter Sampling | IRQO Noise 
Enable Flag Sampling Period Selection | Filter Enable Sampling Period Selection | Filter Enable 
IRQ3SEL IRQ2SEL = - : : : 
0 0 f S - 5 
IRQ3 Interrupt | |RQ2 Interrupt IRQ1 Both Edge|IRQO Both Edge 
Source Source 
Selecrion Selecrion Specification | Specification 
SCOCE1 RESERVED | RESERVED SCODIR SCOSTE SCOLNG2 SCOLNG1 SCOLNGO 
0 0 0 0 0 1 1 1 


Transmission Data/ . Specify First |Start Condition Synchronous Serial Transfer Bit Count 
Recived Data fixed to 0 fixed to 0 Bit to be 
Edge Selection Transfered 


SCOIOM SCOSBTS SCOSBIS SCOSBOS SCOCKM SCOMST - SCOCMD 
0 0 0 0 0 0 - 0 
Data Input |SBT Pin Func} Serial Input |SBO Pin Func) Clock Divided] Master/Slave Synchronous/ 





Address Register 








X'3F8E' 











X'3F8F' 














X'3F90' SCOMDO 








Selection Selection 











X'3F91' SCOMD1 


Pin Selection | tion Selection Control tion Selection | by 8 Selection Selection UART Selection 
SCOFM1 SCOFMO SCOPM1 SCOPMO SCONPE - SCOBRKF SCOBRKE 
0 0 0 0 0 - 0 0 

Specify Flame Mode Added Bit Specification Parity Enable Break Status Break Status 








X'3F92' SCOMD2 





Receive Monitor | Transmit Monitor 
SCOTBSY SCORBSY SCOTEMP. SCOREMP SCOFEF SCOPEK SCOORE SCOERE 
0 0 0 0 0 0 0 0 








X'3F93' SCOSTR 





Transmission | Reception [Transfer Buffer /Receive Buffer |Framing Error | Parity Error Overrun Error | Error Monitor 


flag flag Empty Flag Empty Flag Detection Detection Detection Flag 


RXBUFO7 RXBUFO6 RXBUFO5 RXBUF04 RXBUFO3 RXBUFO2 RXBUFO1 RXBUFOO 
x x x x x x x x 











X'3F94' RXBUFO 


Serial Interface 0 Receive Buffer 





TXBUFO7 TXBUFO6 TXBUFO5S TXBUF04 TXBUFO3 TXBUF02 TXBUFO1 TXBUFOO 
x x x Xx x x Xx Xx 























X'3F95' TXBUFO 





Serial Interface 0 Transfer Buffer 





SCOFDC1 SCOFDCO SCOODC2 SCOODC1 SCOODCO 
0 0 0 0 0 
Output Selection P02 Output | P01 Output | POO Output 

After Last Bit Transmission Style Selection|Style SelectionStyle Selection 
: a SCOTMSEL SCOPSC2 SCOPSC1 SCOPSCO 
- - x xX xX xX 











X'3F96' SCOODC 











X'3F97' SCOCKS ; : 
Serial 0 Tranfer Clock Selection 


(Prescaler Output, Timer Output) 
ANSH1 ANSHO ANCK1 ANCKO ANLADE 
0 0 0 0 0 

A/D Sample Hold A/D Conversion Clock A/D Rudder 
Resistance 
Time Setup Selection Control 
RESERVED ANCHS2 ANCHS1 ANCHSO 

0 0 0 0 
Set always Analog Input Channel Selection 
to "0" 
ANST ANSTSEL . 
0 0 - 








X'3FBO0" ANCTRO 











X'3FB1' ANCTR1 











X'3FB2' ANCTR2 AVD Conversion| 


Start Source 
Status Selection 


ANBUFO7 ANBUFO6 
Xx Xx 


A/D Conversion 








X'3FB3' ANBUFO 





A/D Conversion Data Storagg 
Register (Lower 2 bits) 
































Note) x : Initial value is unstable. - : No register is allocated. 
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Bit Symbol / Initial Value / Description 
Bit 5 Bit 4 Bit 3 


ANBUF17 ANBUF16 ANBUF15 ANBUF 14 ANBUF13 ANBUF 12 ANBUF11 ANBUF10 
x x x x x Xx Xx Xx 


Address Register 











X'3FB4' ANBUF1 
A/D Conversion Data Storage 


Register (Upper 2 bits) 
Z - PIR WDIR RESERVED 


- ‘ 0 0 0 


Program latchdog Timer} Set Always 
Interrupt Interrupt "9" 
Request Request aes 


IRQOLV1 IRQOLVO REDGO - IRQOIE IRQOIR 
0 0 0 * 0 0 
Specify IRQO IRQO Interrupt Enable IRQO |Request IRQO 
Interrupt Level Valid Edge Interrupt Interrupt 
IRQILV1 IRQ1LVO REDG1 IRQUIE IRQ1IR 
0 0 0 0 0 
Specify IRQ1 IRQ1 Interrupt Enable IRQ1 |Request IRQ1 
Interrupt Level Valid Edge Interrupt Interrupt 
IRQ2LV1 IRQ2LV0 REDG2 IRQ2IE IRQ2IR 
0 0 0 0 0 
Specify IRQ2 Interrupt Level |IRQ2 Interrupt Enable IRQ2 |Request IRQ2 
Valid Edge Interrupt Interrupt 
IRQ3LV1 IRQ3LV0 REDG3 IRQ3IE IRQ3IR 
0 0 0 0 0 
IRQ3 Interrup Enable IRQ3 | Request IRQ3 
Valid Edge Interrupt Interrupt 
TM2LV1 TM2LVO : TM2IE TM2IR 
0 0 * 0 0 
Specify TM2 Interrupt Level Enable TM2 |Request TM2 
nterrupt Interrupt 
TM3LV1 TM3LVO TMSIE TMS3IR 
0 0 0 0 
Specify TMS Interrupt Level Enable TM3 |Request TM3 
nterrupt Interrupt 
TM6LV1 TM6LVO TM6IE TM6IR 
0 0 0 0 
Specify TM6 Interrupt Level Enable TM6 | Request TM6 
Interrupt Interrupt 
TBLV1 TBLVO TBIE TBIR 
0 0 0 0 
Specify TB Interrupt Level Enable TB | Request TB 
Interrupt Interrupt 
TM7LV1 TM7LVO TM7IE TM7IR 
0 0 0 0 
Specify TM7 Interrupt Level Enable TM7 |Request TM7 
Interrupt Interrupt 
T70C2LV1 T70C2LV0 T70C2IE T70C2IR 
0 0 0 0 
Enable T70C2 Request T70C2 
Interrupt Interrupt 
SCORLV1 SCORLVO SCORIE SCORIR 
0 0 0 0 
Enable SCOR Request SCOR 
Interrupt Interrupt 
SCOTLV1 SCOTLVO SCOTIE SCOTIR 
0 0 0 0 
Enable SCOT |Request SCOT 
Interrupt Interrupt 








X'3FE1' 

















X'3FE2' IRQOICR 











X'3FE3' IRQ1ICR 











X'3FE4' IRQ2ICR 











X'3FE5' IRQ3ICR 
Specify IRQ3 Interrupt Level 











X'3FEB' TM2ICR 











X'3FEC' TMSICR 

















X'3FEF' TM6ICR 











X'3FFO' 











X'3FF1' TM7ICR 











X'3FF2' T70C2ICR 
Specify T7O0C2 Interrupt Level 











X'3FF5' SCORICR 
Specify SCOR Interrupt Level 














X'3FF6' SCOTICR 
Specify SCOT Interrupt Level 
































Note) x : Initial value is unstable. - : No register is allocated. 


Specify SCOT Interrupt Level Enable SCOT Request SCOT 
Interrupt Interrupt 
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, Bit Symbol / Initial Value / Descripti 
Address Register : : : 
Bit 5 Bit 4 Bit 3 


ADLV1 ADLVO ADIE ADIR 
0 0 0 0 











X'SFFA' 


Specify AD Interrupt Level Enable AD | Request AD 


























Interrupt Interrupt 


Note) x : Initial value is unstable. - : No register is allocated. 
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13-4 Instruction Set 


MN101C SERIES INSTRUCTION SET 



































































































































































































































Group Mnemonic Operation Flag Codecycle Re- Machine Code Notes} 
VE|NE|CF|ZF|Size peat} Ext. 1 2 3 4 5 6 7 8 9 10 11 

Data Move Instructions 

MOV MOV Dn,Dm Dn—>Dm -f-|-]-] 2] 1 1010 DnDm 
MOV imm8,Dm imm8>Dm = |--]--]}--| 4] 2 1010DmDm <#8.  ..> 
MOV Dn,PSW Dn-PSW @e\@eie ie 3) 3 0010 1001 01Dn 
MOV PSW,Dm PSW>Dm --|-|-]-| 3] 2 0010 0001 01Dm 
MOV (An),Dm mem8(An)—Dm -f-]|-|-]| 2 | 2 0100 1ADm 
MOV (d8,An),Dm mem8(d8+An)>Dm -J-f-]-} 4 4 2 0110 1ADm <d8._ ...> 4 
MOV (d16,An),Dm mem8(d16+An)>Dm -J-f-]-| 7 | 4 0010 0110 1ADm<di6 > 
MOV (d4,SP),Dm mem8(d4+SP)—Dm --|--|--]|--| 3] 2 0110 01Dm <d4> *2 
MOV (d8,SP),Dm mem8(d8+SP)—Dm -|--J-f-| 5] 3 0010 0110 01Dm <d8. ..> *3 
MOV (d16,SP),Dm mem8(d16+SP)>Dm -f-|-|-| 7 | 4 0010 0110 00Dm <d16_.... tone > 
MOV (i08),D' mem8(IOTOP+i08)>Dm -f-]}-]-| 4 | 2 0110 00Dm <io8..> 
MOV (abs8),Dm mem8(abs8)—Dm --|--]--]--| 4] 2 0100 01Dm <abs 8.> 
MOV (abs12),Dm mem8(abs12)—Dm Jefe ]-] 5 | 2 0100 00Dm <abs 12. ..> 
MOV (abs16),Dm mem8(abs16)>Dm -J-f-]-} 7 | 4 0010 1100 00Dm <abs 16... wu> 
MOV Dn,(Am) Dn—mems8(Am) -f-}-]-]} 2 | 2 0101 1aDn 
MOV Dn,(d8,Am) Dn—mem8(d8+Am) -f-|-|-| 4 | 2 0111 1aDn <d8. ..> =] 
MOV Dn,(d16,Am) Dn—mem8(d16+Am) -J-f-]-} 7 4) 4 0010 0111 laDn <d16 > 
MOV Dn,(d4,SP) Dn—mem8(d4+SP) -f-];-|-| 3 | 2 0111 01Dn <d4> *2 
MOV Dn,(d8,SP) Dn—mem8(d8+SP) -|-|-|-| 5] 3 0010 0111 01Dn <d8. ..> 3 
MOV Dn,(d16,SP) Dn-—mem8(d16+SP) -f-|-]-| 7 | 4 0010 0111 00Dn <di6_.... eats > 
MOV Dn,(io8) Dn—mem8(lIOTOP+io8) -f-}-]-] 4 | 2 0111 00Dn <io8  ..> 
MOV Dn,(abs8) Dn—mem8(abs8) -f-|-|-| 4 | 2 0101 01Dn <abs 8.> 
MOV Dn,(abs12) Dn—mem8(abs1 2) -]-f-]-} 5 | 2 0101 00Dn <abs 12. ...> 
MOV Dn,(abs16) Dn-mem&(abs16) -Jof-]-} 7 4) 4 0010 1101 00Dn <abs 16. 2.0 wu> 
MOV imm8,(i08) imm8—mem8(IOTOP+i08) -|--]--]}--| 6 | 3 0000 0010 <io8 «> <#8. WW> 
MOV imm8,(abs8) imm8—>mem8(abs8) -f-];-]-| 6 | 3 0001 0100 <abs 8.> <#8. ..> 
MOV imm8,(abs12) imm8—>mem8(abs12) -J-f-]-}| 7 4 3 0001 0101 <abs 12. ..> <#8. > 
MOV imm8,(abs16) imm8—mem8&(abs16) fof] ] 9p 5 0011 1101 1001 <abs 16. 0. > <#8& 
MOV Dn,(HA) Dn—mem8(HA) = |--]--]}--| 2 | 2 1101 00Dn 

MOVW  |MOVW (An),DWm mem16(An)>DWm -|-|-|-| 2] 3 1110 00Ad 
MOVW (An),Am mem16(An)>Am -J-f-]-| 3) 4 0010 1110 10Aa *4 
MOVW (d4,SP),DWm mem16(d4+SP)>DWm -|--J-f-| 3] 3 1110 O11d <d4> *2 
MOVW (d4,SP),A\ mem16(d4+SP)—>Am -|--]-]--| 3] 3 1110 010a <d4> *2 
MOVW (d8,SP),DWm mem16(d8+SP)>DWm -|-|-|-| 5] 4 0010 1110 Olid <d8. ..> 3 
MOVW (d8,SP),Am mem16(d8+SP)—Am -f-;-;-| 5 | 4 0010 1110 010a <d8. ..> *3 
MOVW (d16,SP),DWm _|mem16(d16+SP)DWm -|-|-]-]| 7] 5 0010 1110 O01d <d16 2. > 
MOVW (d16,SP),Am mem16(d16+SP)>Am --|--]--}--| 7] 5 0010 1110 000a <di6 .... = i 
MOVW (abs8),DWm mem16(abs8)DWm -|--|-|--| 4] 3 1100 011d <abs 8.> 
MOVW (abs8),Am mem16(abs8)—Am -f-|-|-| 4] 3 1100 010a <abs 8.> 
MOVW (abs16),DWm mem16(abs16)—DWm -f-;-|-| 7] 5 0010 1100 Olid <abs 16. «0 Lu> 
MOVW (abs16),Am mem16(abs16)—Am Jeff] 7 47 5 0010 1100 010a <abs 16. 2.0 Lu> 
MOVW DWn,(Am) DWn-mem16(Am) --|--]--]}--| 2] 3 1111 00aD 
MOVW An,(Am) An->mem16(Am) -f-}-)-| 3) 4 0010 1111 10aA *4 
MOVW DWn,(d4,SP) DWn-mem16(d4+SP) -|--]--]}--| 3] 3 1111 011D <d4> *2 
MOVW An,(d4,SP) An-mem16(d4+SP) -|--J-f-| 3] 3 1111 O10A <d4> *2 
MOVW DWn,(d8,SP) DWn->mem16(d8+SP) -f-;-;-| 5 | 4 0010 1111 011D <d8. ..> *3 
MOVW An,(d8,SP) An—mem16(d8+SP) -f-}-)-| 5) 4 0010 1111 010A <d8. ..> *3 
MOVW DWn,(d16,SP) |DWn—-mem16(d16+SP) -f-;-|-]| 7] 5 0010 1111 001D <di6é .... ie ~_ 
MOVW An,(d16,SP) An-mem16(d16+SP) -f-f-];-]) 7] 5 0010 1111 O00A <di6.... dene > 
MOVW DWn,(abs8) DWn->mem16(abs8) -f-|-|-| 4] 3 1101 011D <abs 8.> 
MOVW An,(abs8) An-mem16(abs8) -f-];-|-| 4] 3 1101 010A <abs 8.> 
MOVW DWn,(abs16) DWn-mem16(abs16) fo fef-} 7 475 0010 1101 011D <abs 16. 2.0 Lu 
MOVW An,(abs16) An—mem16(abs16) -f-f-]}-]) 7] 5 0010 1101 010A <abs 16. 2.0 > 
MOVW DWn,(HA) DWn-mem16(HA) -|--]--]}--| 2] 3 1001 010D 
MOVW An,(HA) An-mem16(HA) -f-];-|-| 2] 3 1001 011A 
MOVW imm8,DWm sign(imm8)>DWm -]--f-]-}| 4} 2 0000 110d <#8. ..> us} 
MOVW imm8,Am zero(imm8)—Am -]--f-]-} 4] 2 0000 111a <#8. > *6 
MOVW imm16,DWm immi6é>DWm -|-|-|-| 6] 3 1100 111d <#16 .... pace OBES 








“1 d8sign-extension *4 A=An, a=Am 
*2 d4zero-extension “5 #8 sign-extension 
*3  d8zero-extension “6 #8 zero-extension 
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Mnemonic Operation Machine Code 
6 7 8 
MOVW imm16,Am imm16>Am 6/3 1ila <#16 
MOVW SP,Am SP—>Am 3/3 100a 
MOVW An,SP. An-SP 3/3 101A 
MOVW DWn,DWm DWn->DWm 3/3 00Dd 
MOVW DWn,Am DWn>Am 3/3 11Da 
MOVW An,DWm An>DWm 3.) 3 11Ad 
MOVW An,Am An>Am 3 | 3 00Aa 
PUSH Dn SP-1—SP,Dn—mem8(SP) 2/3 10Dn 
PUSH An SP-2-SP,An—>mem16(SP) 2/5 011A 
POP Dn mem8(SP)—Dn,SP+1—SP 2/3 10Dn 
POP An mem16(SP)—An,SP+2—SP. 21,4 011A 
EXT Dn,DWm sign(Dn)>DWm 3/3 000d 
Arithmetic manupulation instructions 
ADD ADD Dn,Dm Dm+Dn+Dm @eieje/e\/3|2 0011 0011 DnDm 
ADD imm4,Dm Dm+sign(imm4)>Dm ele\el\e| 3/2 1000 00Dm <#4> *6 
ADD imm8,Dm Dm+imm8—Dm @eie|e,4 {2 0000 10Dm <#8. ...> 
ADDC ADDC Dn,Dm Dm+Dn+CF>Dm @\eje/e@| 3 | 2/0 |/0011 1011 DnDm 
ADDW_ |ADDW DWn,DWm DWm+DWn->DWm @|\e/e/e| 3 | 3 | © | 0010 0101 00Dd #1 
ADDW DWn,Am Am+DWn>Am @\|@\/e/e@; 3 | 3 | © {0010 0101 10Da 
ADDW imm4,Am Am+sign(imm4)>Am @iei\e@e e,3|2 1110 110a <#4> *6 
ADDW imm8,Am Am+sign(imm8)>Am eleieie/5)3 0010 1110 110a <#8. > “7 
ADDW imm16,Am Am+imm16>Am @iee/e, 7/4 0010 0101 O11a <#16 > 
ADDW imm4,SP SP+sign(imm4)—SP --|--]--]}--| 3 | 2 1111 1101 <#4> *6 
ADDW imm8,SP SP+sign(imm8)—SP = |--]--}--| 4 | 2 1111 1100 <#8. ..> #7. 
ADDW imm16,SP SP+imm16—SP -f-;-|-| 7 | 4 0010 1111 1100 <#6 eo 
ADDW imm16,DWm DWm+imm16>DWm @eie/@\e\7/\4 0010 0101 010d <#16 > 
ADDUW |ADDUW Dn,Am Am+zero(Dn)>Am @/e@\e@/e| 3 | 3 | © |0010 1000 1aDn *8 
ADDSW |ADDSW Dn,Am Am+sign(Dn)>Am @\|@/@/e;| 3 | 3 | © |0010 1001 1aDn 
SUB SUB Dn,Dm(when DnzDm) |Dm-Dn—>Dm @|e@;e@/e) 3 | 2 | ©|0010 1010 DnDm 
SUB Dn,Dn Dn-Dn—Dn O;oj/o;/1)2]1 1000 01Dn 
SUB imm8,Dm Dm-imm8—Dm @ie;@ e/5)|3 0010 1010DmDm <#8._ --> 
SUBC —_|SUBC Dn,Dm Dm-Dn-CF>Dm @\|e\eie| 3) 2) © |0010 1011 DnDm 
SUBW  |SUBW DWn,DWm DWm-DWn->DWm eieie/e| 3/3 0010 0100 00Dd “4 
SUBW DWn,Am Am-DWn->Am @ieieie|/3|3 0010 0100 10Da 
SUBW imm16,DWm DWm-imm16>DWm @ie/e|e/7 | 4 0010 0100 010d <#16 > 
SUBW imm16,Am Am-imm16>Am @jeieie|/7|4 0010 0100 O11a <#16 > 
MULU MULU Dn,Dm Dm*Dn>DWk 0;/@/e|/e@; 3] 8 0010 1111 111D *4 
DIVU DIVU Dn,DWm DWm/Dn>DWm-l...DWm-h @iei\@ e/3|9 0010 1110 111d *5 
CMP CMP Dn,Dm Dm-Dn...PSW @je\e/e@| 3 {2 0011 0010 DnDm 
CMP imm8,Dm Dm-imms...PSW @\e|/@ e,4);2 1100 00Dm <#8. ..> 
CMP. imm8,(abs8) mem8(abs8)-imm8...PSW @le\e(e| 6 | 3 0000 0100 <abs 8.> <#8. ..> 
CMP _imm8,(abs12) mem8(abs12)-imm8...PSW @e\ee\e|7 | 3 0000 0101 <abs 12. ...> HB. > 
CMP imm8,(abs16) mem8(abs16)-imm8...PSW @ieiei/e 9/5 0011 1101 1000 <abs 16.. > <#BL > 
CMPW |CMPW DWn,DWm DWm-DWn...PSW @ieie|e@) 3/3 0010 1000 01Dd 4 
CMPW DWn,Am Am-DWn...PSW @eeee 3 | 3 0010 0101 11Da 
CMPW An,Am Am-An...PSW @ei@eieje| 3) 3 0010 0000 01Aa "2 
CMPW imm16,DWm DWm-imm16...PSW @ielelie| 6) 3 1100 110d <#16 > 
CMPW imm16,Am Am-imm16...PSW @ieie@e\e| 6/3 1101 110a <#16 st 











Logical manipulation instructions 


AND Dn,Dm 


Dm&Dn->Dm 

















0011 0111 DnDm 





AND imm8,Dm 


Dm&imm8—>Dm 


0001 11Dm 





AND imm8,PSW 


PSW&imm8—PSW 


0010 1001 0010 





OR Dn,Dm 


DmIDn>Dm 


0011 0110 DnDm 





OR 


imm8,Dm 


Dmlimm8—>Dm 


0001 10Dm 





OR imm8,PSW 


PSWlimm8—PSW 


0010 1001 0011 <#8. 





XOR Dn,Dm 


Dm‘*‘Dn>Dm 


0011 1010 DnDm 








XOR imm8,Dm 





Dm‘imm8>Dm 





SCI/SC/@l/OJ/O/@JoJo 








CIO/@l/O/C/|@JOoO\o 
@eje e\e\e\e/e/0e 








ayo; a!) wo!]a| &} wo 





©] Mm] WO] PM} Pw] &] MY} 








0011 1010DmDm <#8. 


D=DWn, d=DWm 
A=An, a=Am 
d=DWm 

D=DWk 








D=DWm 

#4 sign-extension 
#8 sign-extension 
Dn zero extension 


*9 mén 
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Mnemonic 


Operation 





Machine Code 
6 7 8 





~Dn-Dn= 





Dn.msb->temp,Dn.Isb>CF 


Dn>>1—Dn,temp—>Dn.msb 





Dn.Isb->CF,Dn>>1—Dn 
0—Dn.msb 





Bit manipulation instructions 
BSET (io08)bp 


Dn.Isb—temp,Dn>>1—Dn 


CF-—Dn.msb,temp—>CF 


mem8(IOTOP+i08)&bpdata...PSW 
1—mem8&(IOTOP+i08)bp 








BSET (abs8)bp 


mem8(abs8)&bpdata...PSW 
1—mem8(abs8)bp 





BSET (abs16)bp 


mem8(abs16)&bpdata...PSW 
1—mem8(abs16)bp 





BCLR (i08)bp 


mem8(IOTOP+i08)&bpdata...PSW 
0—mem8(lOTOP+i08)bp 





BCLR (abs8)bp 


mem8(abs8)&bpdata...PSW 
0—mem{8(abs8)bp 





BCLR (abs16)bp 


mem8(abs16)&bpdata...PSW 
0—mem8(abs16)bp 








BTST imm8,Dm 


Dm&imm8...PSW 





BTST (abs16)bp 


Branch instructions 


mem8(abs16)&bpdata...PSW 


if(ZF=1), PC+3+d4(label)+H—PC 
if(ZF=0), PC+3-PC 


1001 








BEQ label 


if(ZF=1), PC+4+d7(label)+H+PC 
if(ZF=0), PC+4PC 


1000 





BEQ label 


if(ZF=1), PC+54d1 1 (label)+H—>PC 
PC+5—PC 


1001 





BNE labe 


), PC+3-PC 


1001 





BNE labe 


if(ZF=0), PC+4+d7(label)+H—PC 
=1), PC+4-PC 


1000 





BNE labe 


=0), PC+5+d11(label)+H—»PC 
), PC-+5-PC 





1001 





BGE label 


BGE label 


FANF)=0),PC+4+d7(label)+H—»PC. 
F)=1),PC+4-PC 
=0),PC+5+d1 1 (label)+H—>PC| 
F)=1),PC+5-—PC 


1000 


1001 





BCC labe 


PC+4+d7(label)+H—PC| 
PC+4—PC 


1000 





BCC labe 


PC+5+d1 1 (label)+H—PC 
PC+5—PC 





1001 





BCS labe! 


'C+4+d7(label)+H—+PC 
PC+4—PC 


1000 











BCS labe! 


PC+5+d1 1 (label)+H—PC| 
if(C PC+5-PC 


1001 





BLT label 











if((VF4NF)=1),PC+4+d7 (label)+H—>»PC 
if((VF*NF)=0),PC+4-PG 


1000 





BLT label 





if((VF*NF)=1),PC+5+d1 1 (label)+H—PC! 
if((VF*NF)=0),PC+5PC 


1001 





BLE label 


if((VF*NF)|ZF=1),PC+4+d7(label)+H>PC 
if((VFANF)|ZF=0),PC+4—PC 


1000 





BLE label 


if((VF*NF)|ZF=1),PC+54d1 {(label)+H—»PC 
if((VF*NF)|ZF=0),PC-+5—>PC 


1001 





BGT label 








if((VF*NF)|ZF=0),PC+5+d7(label)+H>PC 
if((VFANF)|ZF=1),PC+5PC 
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0010 0010 


6 
*2 
*3 








d4 sign-extension 
d7 sign-extension 
d11 sign-extension 


MN101C SERIES INSTRUCTION SET 































































Chapter 13 Appendices 








































































































































































































































































































Mnemonic Operation Machine Code 
6 7 8 
BGT label if((VE*NE)|ZF=0),PC+6+d1 1 (label)+H-+PC 
if((VF4NF)|ZF=1),PC+63PC 
BHI label if(CFIZF=0),PC+5+d7(label)+H-PC | -- -|-| 5 | 3/4 0010 0010 0010 <d7. ...H a2 
if(CFIZF=1), PC+53PC 
BHI label if(CFIZF=0),PC+6+d11(label)+H-+PC| -- -|-| 6 | 3/4 0010 0011 0010 <d11 wH 3 
if(CFIZF=1), PC+6-PC 
BLS label if(CFIZF=1),PC+5+d7(label)+H-PC | -- -|-| 5 | 3/4 0010 0010 0011 <d7. ..H *2 
if(CFIZF=0), PC+53PC 
BLS label if(CFIZF=1),PC+6+d1 1(label)+H-+PC} -- -- | --| 6 | 3/4 0010 0011 0011 <d11 wH *3 
if(CFIZF=0), PC+6PC 
BNC label if(NF=0),PC+5+d7(label)+H-PC | -- -|-| 5 | 3/4 0010 0010 0100 <d7. ...H *2 
if(NF=1),PC+53PC 
BNC label if(NF=0),PC+6+d11(label)+H-PC| -- -|-| 6 | 3/4 0010 0011 0100 <d11 eH 3 
if(NF=1),PC+63PC 
BNS label if(NF=1),PC+5+d7(label)+H-PC | -- -- |---| 5 | 3/4 0010 0010 0101 <d7. ..H *2 
if(NF=0),PC+52PC 
BNS labe if(NF=1),PC+6+d11(label)+H-PC} -- -- | --| 6 | 3/4 0010 0011 0101 <d11 wH 73 
if(NF=0),PC+62PC 
BVC labe if(VF=0),PC+5+d7(label)+H-PC | -- --|--| 5 | 3/4 0010 0010 0110 <d7. ..H 22, 
if(VF=1),PC+5PC 
BVC labe if(VF=0),PC+6+d11(label)+H-PC | -- -- | --| 6 | 3/4 0010 0011 0110 <d11 wH *3 
if(VF=1),PC+6>PC 
BVS label if(VF=1),PC+5+d7(label)+H—-PC | -- --|--| 5 | 3/4 0010 0010 0111 <d7. ..H *2 
if(VF=0),PC+5>PC 
BVS label if(VF=1),PC+6+d1 1 (label)+H-PC | -- -- | --| 6 | 3/4 0010 0011 0111 <d11 wH <3 
if(VF=0),PC+6>PC 
BRA labe PC+3+d4(label)+H3PC - -f-| 3 1110 111H <d4> 4 
BRA labe PC+4+d7(label)+H»PC - -|-| 4 1000 1001 <d7. ...H *2 
BRA labe PC+5+d11 (label)+H+»PC - -~f-| 5 1001 1001 <d11 eH *3 
CBEQ _ |CBEQimm8,Dm,label if(Dm=imm8),PC+6+d7(label)+H+PC| @ @\e 6 |3/4 1100 10Dm <#8. ..> <d7. ..H *2 
if(Dm4imm8),PC+6PC 
CBEQ imm8,Dm, label if(Om=imm8),PC+8+d1 1 (label)+H-PC | @ elie 8 | 4/5 0010 1100 10Dm <#8. ..> <d11 weH *3 
if(Dm4imm8),PC+8-PC 
CBEQ imm8,(abs8),label _ |if(mem8(abs8)=imm8),PC+9+d7(label)+H—PC| @ @|@| 9 |6/7 0010 1101 1100 <abs 8.> <#8 .> <d7. ..H *2 
if(mem8(abs8)4imm8),PC+9-PC 
CBEQ imm8,(abs8),label _|if(mem8(abs8)=imm8),PC+10+d1 1 (label]+H-PC| @ @/@| 10 /6/7 0010 1101 1101 <abs 8.> <#8. .> <d11 wwH *3 
if(mem8(abs8)4imm8),PC+10-PC 
CBEQ imm8,(abs16),label_if(mem8{abs16)=imm8),PC+11+d7(label)+H>PC) @ @\e| 11/78 0011 1101 1100 <abs 16.. a> #8. w> <d7. WH *2 
if(mem8(abs16)4imm8),PC+113PC 
CBEQ imm8,(abs16),label _ |if(mem8{abs16)=imm8),PC+12+d11(label)+HPC | @ @ | @| 12 | 7/8 0011 1101 1101 <abs 16. w> AB > <di1 oo... WH |*3 
if(mem8(abs16)#imm8),PC+123PC 
CBNE — |CBNE imm8,Dm,label if(Dm4imm8),PC+6+d7(label)+H>PC] @ @ |e; 6 (3/4 1101 10Dm <#8. .> <d7. .H> *2 
if(Dm=imm8),PC+6>PC 
CBNE imm8,Dm, label if(Dm4imm8),PC+8+d11(label)+H+PC | @ @\e 8 (4/5 0010 1101 10Dm <#8. ..> <d11 weH *3 
if(Dm=imm8s),PC+83PC 
CBNE imm8,(abs8),label _ | if(mem8(abs8)4imm8),PC+9+d7 (label)+HPC} @ @\e| 9 |6/7 0010 1101 1110 <abs 8.> <#8. > <d7. .H *2 
if(mem8(abs8)=imm8),PC+9-PC 
CBNE imm8,(abs8),label _ | if(mem8(abs8)4imm8),PC+10+d1 1 (label}+H-PC} @ @ |e | 10 |6/7 0010 1101 1111 <abs 8.> <#8. .> <d11 wwH *3 
if(mem8(abs8)=imm8),PC+10-PC 
CBNE imm8,(abs16),label | if(mem8(abs16)4imm8),PC+11+d7(label]+H-»PC] @ @\e|11|7/8 0011 1101 1110 <abs 16.. a> #8. u> <d7. .H *2 
if(mem8(abs16)=imm8),PC+113PC 
CBNE imm8,(abs16),label |if(mem8(abs16)zimm8),PC+12+d11(label)+HPC| @ @ |@| 12 | 7/8 0011 1101 1111 <abs 16. w> AB > <di1 ow. WH |*3 
if(mem8(abs16)=imm8),PC+12PC 
TBZ TBZ (abs8)bp,label if(mem8(abs8)bp=0),PC+7+d7(label)+H-PC] O 0/|@) 7 | 6/7 0011 0000 Obp. <abs 8.> <d7. ..H "2. 
if(mem8(abs8)bp=1),PC+73PC 
TBZ (abs8)bp, label if(mem8(abs8)bp=0),PC+8+d1 1 (label)+H-PC] 0 O;@| 8 | 6/7 0011 0000 1bp. <abs 8.> <d11 wwH 
if(mem8(abs8)bp=1),PC+83PC 















Instruction Set 





“1 d4sign-extension 
*2 d7 sign-extension 
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TBZ TBZ (io8)bp, label if{mem8(|OTOP+i08)bp=0),PC+7+d7(label+H4PC| O | @ | 0|@| 7 | 6/7 0011 0100 Obp. <io8 ..> <d7. ..H rt 
if(mem8(IOTOP+io8)bp=1),PC+7—PC 
TBZ (i08)bp,label if(mem8(IOTOP +io8)bp=0),PC+8+d1 {(label|sH-aPC, O | @ | 0 |@| 8 | 6/7 0011 0100 1bp. <io8 > <di1 ..  .H *2 
if(mem8(IOTOP+i08)bp=1),PC-+8-PC 
TBZ (abs16)bp, label if(mem8(abs16)bp=0),PC+9+d7(label)+HPC] 0 |@ | 0|/@ | 9 | 7/8 0011 1110 Obp. <abs 16... wu <d7. WH 4 
if(mem8(abs16)bp=1),PC+9-PC 
TBZ (abs16)bp, label if(mem8(abs16)bp=0),PC+10+d11(label)+HPC] 0 |@ | 0 | @| 10 | 7/8 0011 1110 1bp. <abs 16. 0 w> <d11 ow.  H *2 
if(mem8(abs16)bp=1),PC-+10-PC 
TBNZ __ |TBNZ (abs8)bp,label if(mem8(abs8)bp=1),PC+7+d7(label)+HPC|O |@ | 0 | @| 7 |6/7 0011 0001 Obp. <abs 8.> <d7. ...H 4 
if(mem8(abs8)bp=0),PC+7—PC 
ITBNZ (abs8)bp, label if(mem8(abs8)bp=1),PC+8+d1 1(label+H-PC]O |@ |O0 | @| 8 |6/7 0011 0001 1bp. <abs 8.> <d11 ... .H *2 
iif(mem8(abs8)bp=0),PC+8-PC 
TBNZ (i08)bp, label if(mem8(io)bp=1),PC+7+d7(label)+H+PC) 0 |@ | 0 |@| 7 |6/7 0011 0101 Obp. <io8 ..> <d7. .H 4 
if(mem8(io)bp=0),PC-+73PC 
TBNZ (io8)bp,label if(mem8(io)bp=1),PC+8+d1 1(label)+H-+PC) 0 |@ | 0 |@| 8 |6/7 0011 0101 1bp. <iob88 .> <d11 WH te. 
if(mem8(io)bp=0),PC+8>PC 
TBNZ (abs16)bp,label if(mem8(abs16)bp=1),PC+9+d7(label)+H+PC O |@ | 0 |@| 9 |7/8 0011 1111 Obp. <abs 16... > <d7. .H 4 
if(mem8(abs16)bp=0),PC-+9-PC 
TBNZ (abs16)bp,label _f(mem8(abs16)bp=1),PC+10+d1 (Iabel)+H»PC| 0 |@ | 0 | @| 10 | 7/8 0011 1111 1bp. <abs 16... wm <di1 WH 2 
if(mem8(abs16)bp=0),PC+10-PC 
JMP JMP (An) 0-PC.17-16,An—PC.15-0,0-PC.H |---| ---|---|---| 3 | 4 0010 0001 O0AO 
JMP_ label abs18(label)+H3PC --- | --- | --- |---| 7 | 5 0011 1001 OaaH <abs 18.b p15~ 0.> 8 
JSR JSR (An) SP-3-9SP,(PC+3).bp7-0->mem8(SP) | --- |---| --- |---| 3 | 7 0010 0001 00A1 


(PC+3).bp15-8-mem8(SP+1) 
(PC+3).H+mem8(SP+2).bp7, 
0-mem8(SP+2).bp6-2, 
(PC+3).bp17-16—smems8(SP+2).bp1-0 
0-PC.bp17-16 
An-PC.bp15-0,0-PC.H 


JSR label SP-3-9SP,(PC+5).bp7-0->mem8(SP) | --- |---| ---|---| 5 | 6 0001 000H <di2 ... 0 wu> 3 
(PC+5).bp15-8-mem8(SP+1) 
(PC+5).H>mem8(SP+2).bp7, 
0->mem8(SP+2).bp6-2, 
(PC+5).p17-16-mem8(SP+2).bp1-0 
PC+5+d12(label)+H3PC 
JSR label SP-3-9SP,(PC+6).bp7-0->mem8(SP) |---| ---|--- |---| 6 | 7 0001 OO1H <di6 i> *4 
(PC+6).bp15-8-mem8(SP+1) 
(PC+6).H>mem8(SP+2).bp7, 
0-mem8(SP+2).bp6-2, 
(PC+6).p17-16-mem8(SP+2).bp1-0 
PC+6+d16(label)+H3PC 
JSR label SP-3-9SP,(PC+7).bp7-0->mem8(SP) |---| ---|--- |---| 7 | 8 0011 1001 1aaH <abs 18.b p15~ 0.> 5 
(PC+7).bp15-8-mem8(SP+1) 
(PC+7).H-+mem8(SP+2).bp7, 
0-mem8(SP+2).bp6-2, 
(PC+7).bp17-16-mem8(SP+2).bp1-0 
abs18(label)+H=PC 

JSRV (tbl4) SP-3-9SP,(PC+3).bp7-0-smem8(SP) |---| ---|---|---| 3 | 9 1111 1110 <t4> 
(PC+3).bp15-8-mem8(SP+1) 
(PC+3).H-mem8(SP+2).bp7 
0>mem8(SP+2).bp6-2, 
(PC+3).bp17-16->mem8(SP+2).bp1-0 
mem8(x'004080+tbl4<<2)-—PC.bp7-0 
mem8(x'004080+tbi4<<2+1)-PC.bp15-8 
mem8(x'004080+tbl4<<2+2).bp7-»PC.H 
mem8(x'004080+tbl4<<2+2).bp1-0> 


PC.bp17-16 
NOP NOP PC+2>PC we [---]--]--] 2 | 1) 0 0000 0000 
























































*1  d7 sign-extension 
*2 11 sign-extension 
*3  d12sign-extension 
*4 16 sign-extension 
“5 aa=abs18.17 - 16 


XIII - 26 Instruction Set 


MN101C SERIES INSTRUCTION SET 


Mnemonic 


Operation 


mem8(SP)-(PC).bp7-0 
mem8(SP+1)—>(PC).bp15-8 
mem8(SP+2).bp7—>(PC).H 
mem8(SP+2).bp1-0-—>(PC).bp17-16 
SP+3—SP 





0000 0001 


Machine Code 
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mem8(SP)>PSW 
mem8(SP+1)—>(PC).bp7-0 
mem8(SP+2)—(PC).bp15-8 
mem8(SP+3).bp7—>(PC).H 
mem8(SP+3).bp1-0—>(PC).bp17-16 
mem8(SP+4)—HA-I 
mem8(SP+5)—HA-h 
SP+6—SP 


0000 0011 





Contorl instructions 





REP imm3 


imm3-1—>RPC 


























0010 0001 ‘rep 











*1 no repeat whn imm3=0, (rep: imm3-1) 





Other than the instruction of MN101C Series,the assembler of this Series has the following instructions 


as macro instructions. 


The assembler will interpret the macro instructions below as the assembler instructions. 





macro instructions 


replaced instructions 


remarks 





INC Dn 


ADD 


1,Dn 





DEC Dn 


ADD 


-1,Dn 





INC An 


ADDW 


1,An 





DEG An 


ADDW 


-1,An 





INC2 An 


ADDW 


2,An 





DEC2 An 


ADDW 


-2,An 





CLR Dn 


SUB 


Dn,Dm 





ASL Dn 


ADD 


Dn,Dm 





LSL Dn 


ADD 


Dn,Dm 





ROL 


ADDC 


Dn,Dm 





NEG 


NOT 
ADD 


Dn 
1,Dn 





NOPL 


MOVW. 


DWn,DWm 





MOV 


MOV 


(0,SP),Dn 





MOV 


MOV 


Dn,(0,SP) 





MOVW 


MOVW 


(0,SP),DWn 





MOVW 


MOVW 


DWn,(0,SP) 





MOVW 


MOVW 


(0,SP),An 





MOVW 





MOVW 





An,(0,SP) 
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13-5 Instruction Map 


MN101C SERIES INSTRUCTION MAP 
‘strnibble'2nd nibble 


MOV #8,(i08)) RT 


7 


CMP #8,(abs8)/(abs12) 


POP An 


Cc D E F 


ADD #8,Dm MOVW #8,DWm| MOVW #8,Am 





JSR d12(label) | JSR d16(label) 








MOV #8,(abs8)/(abs12) | PUSH An 








OR #8,Dm AND #8,Dm 








When the exension code is b'0010' 





When the extension code is b'0011' 





MOV (abs12),Dm 


MOV (abs8),Dm 


MOV (An),Dm 





MOV Dn,(abs12) 


MOV Dn,(abs8) 


MOV Dn,(Am) 





MOV (io8),D 


MOV (d4,SP),Dm 


MOV (d8,An),Dm 





MOV Dn, (io8) 


MOV Dn,(d4,SP) 


MOV Dn,(d8,Am) 





ADD #4,Dm 


SUB Dn,Dn 


BGE d7|BRA d7 | BEQ d7|BNE d7 


BCC d7|BCS d7 


BLT d7 | BLE d7 





BEQ d4 





BNE d4 





MOVW DWn,(HA) 





MOVW An,(HA) 





BGE d11)BRA d11|BEQ d11) BNE d11 











BCC d11)BCS d11 








BLT d11 | BLE d11 











MOV Dn,Dm / MOV #8,Dm 





BSET (abs8)bp 


BCLR (abs8)bp 





CMP #8,Dm 


MOVW (abs8),Am 


MOVW (abs8),DWm 


CBEQ #8,Dm,d7 


CMPW #16,DWm 


MOVW #16,DWm 





MOV Dn,(HA) 


MOVW An,(abs8) 


MOVW DWn,(abs8) 


CBNE #8,Dm,d7 


CMPW #16,Am 


MOVW #16,Am 





MOVW (An),DWm 


MOVW (d4,SP),Am 


MOVW (d4,SP),DWm 


POP Dn 


ADDW #4,Am 


BRA d4 





MOVW DWn,(Am) 


Extension code: b'0010' 
2nd nible\ 3rd nibble 
0 1 


MOVW An,Am 





MOVW An,(d4,SP) 


4 5 


CMPW An,Am 





MOVW DWn,(d4,SP) 





PUSH Dn 


8 9 A B 


MOVW SP,Am |MOVW An,SP 


ADDW #8,SP! ADDW #4,SP 





Cc 
BTST #8,Dm 


JSRV (tol) 











JMP (A0)| JSR (AQ) 


JMP (A1)} JSR (A1) 


MOV PSW,Dm 


REP #3 





BGT d7 


BHI d7 |BLS d7 


BNC d7| BNS d7 


BVC d7|BVS d7 


NOT Dn 


ROR Dn 





BGT d11 


BHI d11 | BLS d11 











BNC d11] BNS d11 





BVC d11|BVS d11 





ASR Dn 


LSR Dn 





SUBW DWn,DWm 


SUBW #16,DWm 


SUBW #16,Am 


SUBW DWn,Am 


MOVW DWn,Am 





ADDW DWn,DWm 


ADDW #16,DWm 





ADDW #16,Am 


ADDW DWn,Am 


CMPW DWn,Am 








MOV (d16,SP),Dm 


MOV (d8,SP),Dm 


MOV (d16,An),D 





MOV Dn,(d16,SP) 


MOV Dn,(d8,SP) 


MOV Dn,(d16,Am) 





MOVW DWn,DWm (NOPL @n=m) 


CMPW DWn,DWm 


ADDUW Dn,Am 





EXT Dn,DWm_|AND#8,PSW| OR #8,PSW 











MOV Dn,PSW 





ADDSW Dn,Am 





SUB Dn,Dm / SUB #8,Dm 





SUBC Dn,Dm 





MOV (abs16),Dm 


MOVW (abs16),Am 


MOVW (abs16),DWm 


CBEQ #8,Dm,d12 


MOVW An,DWm 





MOV Dn,(abs16) 


MOVW An,(abs16) 


MOVW DWn,(abs16 


CBNE #8,Dm,d12 


ICBEQ #8,(abs8),d7/d11 |CBNE #8,(abs8),d7/d11 





MOVW (d16,SP),Am 


MOVW (d16,SP),DWm 


MOVW (d8,SP),Am 


MOVW (d8,SP),DWm 


MOVW (An),Am 


DIVU 


ADDW #8,Am 





MOVW An,(d16,SP) 
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MOVW DWn,(dt16,SP) 


Instruction Map 





MOVW An,(d8,SP) 





MOVW DWn,(d8,SP 











MOVW An,(Am) 


ADDW#16,SP 





MULU 








Extension code: b'0011' 


2nd nibble\ 3rd nibble 
0 1 2 


TBZ (abs8)bp,d7 
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TBZ (abs8)bp,d11 





TBNZ (abs8)bp,d7 





TBNZ (abs8)bp,d11 





CMP Dn,Dm 





ADD Dn,Dm 





TBZ (io8)bp,d7 


TBZ (i08)bp,d1 1 





TBNZ (i08)bp,d7 





TBNZ (i08)bp,d11 





OR Dn,Dm 





AND Dn,Dm 





BSET (io8)bp 


BCLR (i08)bp 





JMP abs18(label) 





JSR abs18(label) 





XOR Dn,Dm/ XOR #8,Dm 





ADDC Dn,Dm 





BSET (abs16)bp 


BCLR (abs16)bp 





BTST (abs16)bp 


cmp #8,(abs16)|mov #8 (abst6) CBEQ #8,(abs16),d7/11 (BNE #8,(abs16),d7/11 

















TBZ (abs16)bp,d7 


TBZ (abs16)bp,d11 





TBNZ (abs16)bp,d7 








TBNZ (abs16)bp,d11 


Ver2.1(2001.03.26) 


Instruction Map XII - 29 








MN101C 539 
LSI User's Manual 


July, 2002 1st Edition 2nd Printing 


Issued by Matsushita Electric Industrial Co., Ltd. 


© Matsushita Electric Industrial Co., Ltd. 








Semiconductor Company, Matsushita Electric Industrial Co., Ltd. 
Nagaokakyo, Kyoto 617-8520, Japan 
Tel: (075) 951-8151 
http://www.panasonic.co.jp/semicon/ 


SALES OFFICES 


m@ NORTH AMERICA 
@U.S.A. Sales Office: 

Panasonic Industrial Company [PIC] 

e New Jersey Office: 

Two Panasonic Way Secaucus, New Jersey 07094 U.S.A. 
Tel: 1-201-348-5257 Fax:1-201-392-4652 

¢ Chicago Office: 

1707 N. Randall Road Elgin, Illinois 60123-7847 U.S.A. 
Tel: 1-847-468-5720 Fax:1-847-468-5725 

¢ Milpitas Office: 

1600 McCandless Drive Milpitas, California 95035 U.S.A. 
Tel: 1-408-942-2912 Fax:1-408-946-9063 

e Atlanta Office: 

1225 Northbrook Parkway Suite 1-151 Suwanee, GA 

30024 U.S.A. 
Tel: 1-770-338-6953 = Fax:1-770-338-6849 

e San Diego Office: 

9444 Balboa Avenue, Suite 185, San Diego, California 

92123 U.S.A. 
Tel: 1-619-503-2903 Fax:1-858-715-5545 

@Canada Sales Office: 


Panasonic Canada Inc. [PCI] 
5770 Ambler Drive 27 Mississauga, Ontario, L4W 2T3 
CANADA 


Tel: 1-905-238-2315 Fax:1-905-238-2414 
m@ LATIN AMERICA 
@Mexico Sales Office: 
Panasonic de Mexico, S.A. de C.V. [PANAMEX] 
Amores 1120 Col. Del Valle Delegacion Benito Juarez 
C.P. 03100 Mexico, D.F. MEXICO 
Tel: 52-5-488-1000 Fax:52-5-488-1073 
¢ Guadalajara Office: 
SUCURSAL GUADALAJARA 
Av. Lazaro Cardenas 2305 Local G-102 Plaza Comercial 
Abastos; Col. Las Torres Guadalajara, Jal. 44920 
MEXICO 
Tel: 52-3-671-1205 
@Brazil Sales Office: 
Panasonic do Brasil Ltda. [PANABRAS] 
Caixa Postal 1641, Sao Jose dos Campos, Estado de Sao 
Paulo 
Tel: 55-12-335-9000 Fax:55-12-331-3789 
m@ EUROPE 
@Europe Sales Office: 
Panasonic Industrial Europe GmbH [PIE] 
e U.K. Sales Office: 
Willoughby Road, Bracknell, Berks., RG12 8FP, 
THE UNITED KINGDOM 
Tel: 44-1344-85-3671 Fax:44-1344-85-3853 
e Germany Sales Office: 
Hans-Pinsel-Strasse 2 85540 Haar, GERMANY 
Tel: 49-89-46159-119 Fax:49-89-46159-195 
g ASIA 
@Singapore Sales Office: 
Panasonic Semiconductor of South Asia [PSSA] 
300 Beach Road, #16-01, The Concourse, Singapore 
199555 THE REPUBLIC OF SINGAPORE 
Tel: 65-6390-3688 Fax:65-6390-3689 
@Malaysia Sales Office: 
Panasonic Industrial Company (M) Sdn. Bhd. [PICM] 
¢ Head Office: 
Tingkat 16B, Menara PKNS Petaling Jaya, No.17, Jalan 
Yong Shook Lin 46050 Petaling Jaya, Selangor Darul 
Ehsan, MALAYSIA 
Tel: 60-3-7951-6601 Fax:60-3-7954-5968 


Fax:52-3-671-1256 


© Matsushita Electric Industrial Co., Ltd. 2002 


e Penang Office: 
Suite 20-07,20th Floor, MWE Plaza, No.8, Lebuh 
Farquhar,10200 Penang, MALAYSIA 
Tel: 60-4-201-5113 Fax:60-4-261-9989 
e Johore Sales Office: 
Menara Pelangi, Suite8.3A, Level8, No.2, Jalan Kuning 
Taman Pelangi, 80400 Johor Bahru, Johor, MALAYSIA 
Tel: 60-7-331-3822 Fax:60-7-355-3996 
@Thailand Sales Office: 
Panasonic Industrial (THAILAND) Ltd. [PICT] 
252-133 Muang Thai-Phatra Complex Building, 31st FI. 
Rachadaphisek Rd., Huaykwang, Bangkok 10320, 
THAILAND 
Tel: 66-2-693-3428 Fax:66-2-693-3422 
@Philippines Sales Office: [PISP] 
Panasonic Indsutrial Sales Philippines Division of 
Matsushita Electric Philippines Corporation 
102 Laguna Boulevard,Bo.Don Jose Laguna Technopark, 
Santa. Rosa, Laguna 4026 PHILIPPINES 
Tel: 63-2-520-8615 Fax:63-2-520-8629 
@lndia Sales Office: 
National Panasonic India Ltd. [NPI] 
E Block, 510, International Trade Tower Nehru Place, New 
Delhi_110019 INDIA 
Tel: 91-11-629-2870 Fax:91-11-629-2877 
@indonesia Sales Office: 
P.T.MET & Gobel [M&G] 
JL. Dewi Sartika (Cawang 2) Jakarta 13630, INDONESIA 
Tel: 62-21-801-5666 Fax:62-21-801-5675 
@China Sales Office: 
Panasonic Industrial (Shanghai) Co., Ltd. [P\(SH)] 
Floor 6, Zhong Bao Mansion, 166 East Road Lujian Zui, 
PU Dong New District, Shanghai, 200120 CHINA 
Tel: 86-21-5866-6114 Fax:86-21-5866-8000 
Panasonic Industrial (Tianjin) Co., Ltd. [PI(TJ)] 
Room No.1001, Tianjin International Building 75, Nanjin 
Road, Tianjin 300050, CHINA 
Tel: 86-22-2313-9771 Fax:86-22-2313-9770 
Panasonic SH Industrial Sales (Shenzhen) Co., Ltd. 
[PSI(SZ)] 
7A-107, International Bussiness & Exhibition Centre, 
Futian Free Trade Zone, Shenzhen 518048, CHINA 
Tel: 86-755-8359-8500 Fax:86-755-8359-8516 
Panasonic Shun Hing Industrial Sales (Hong Kong) 
Co., Ltd. [PSI(HK)] 
11th Floor, Great Eagle Center 23 Harbour Road, 
Wanchai, HONG KONG 
Tel: 852-2529-7322 Fax:852-2865-3697 
@Taiwan Sales Office: 
Panasonic Industrial Sales (Taiwan) Co.,Ltd. [PIST] 
¢ Head Office: 
6F, 550, Sec. 4, Chung Hsiao E. RD. Taipei, 110, TAIWAN 
Tel: 886-2-2757-1900 Fax:886-2-2757-1906 
¢ Kaohsiung Office: 
6th Floor, Hsin Kong Bldg. No.251, Chi Hsien 1st Road 
Kaohsiung 800, TAIWAN 
Tel: 886-7-346-3815 Fax:886-7-236-8362 
@Korea Sales Office: 
Panasonic Industrial Korea Co., Ltd. [PIKL] 
Kukje Center Bldg. 11th Fl., 191 Hangangro 2ga, 
Youngsan-ku, Seoul 140-702, KOREA 
Tel: 82-2-795-9600 Fax:82-2-795-1542 


050702 
Printed in JAPAN 


